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This book, covering the various facets of a firm fromi an 
overall, or systems, point of view, analyzes the total job ot 
managing an enterprise. Its purpose is to treat in a concise 
and meaningful way the principles and procedures used by 
management in operating a business undertaking. 

Much new material has been incorporated into this edi¬ 
tion. New chapters and emphasis on management, the 
managerial system, organizing the system, nuances of or¬ 
ganization and materials logistics have been added to insure 
that the text reflects the latest concepts and practices. 
Wherever applicable, elementary mathematical techniques 
and examples have been incorporated along with other 
textual material. An expanded chapter on project control 
is included, along with another chapter covering computer¬ 
ization. Useful managerial applications and examples of 
linear programming, operations research transportation 
method, mathematical and graphical approaches to break- 
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even analysis, and quantitative approaches to economical purchasing are 
incorporated to help relate the material to actual operating conditions. 

This text is intended to serve as an introduction to the management 
of operations for students, prospective business men and all others inter¬ 
ested in this rapidly expanding field. The range of topics covered is 
necessarily broad and, as a result, the coverage of various problems and 
topics is not exhaustive. Thus this book is neither a reference nor a 
definitive work. It aims instead to provide an understanding of the part 
effective management plays in'the successful operation of an operating 
enterprise. 

The ideas in this book came from many sources: former teachers, 
colleagues, various articles and .publications. To acknowledge each one 
of these sources individually here would be impractical. However, where 
specific sources are known, they are acknowledged as they appear, and 
any omission is unintentional. 

I am very much indebted to the many business firms, editors, authors, 
and publishers who so willingly granted me permission to reproduce 
illustrations and quote original material. To all of these I express my 
most sincere thanks. 

For their helpful suggestions, special thanks are due also to Professor 
Aaron Levenstein of the Bernard M. Baruch College, City University of 
New York, and Professor Leon Dale of the California State Polytechnic 
College. 


Claude S. George, Jr. 
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Everything today is changed; everything today is new, every¬ 
thing today is bigger. The nation's output ts more than 
double what it was two decades ago./During recent years 
have seen the economy of the United States produce billions 
of tons of steel, millions of new homes, tens of millions of 
automobiles, almost untold yards of cloth, and a staggering 
array of new products and services. From the standpoint of 
size, power, and the ability to produce and to distribute bih 
lions of products each year, we have never before witnessed 
anything like this in American business. How, we might ask, 
has this been accomplished? 

( We might say it has been done through the coordinated 
efforts of men; that it results from the effective use of man- 
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power; it comes from the right combination of men, materials, and capi¬ 
tal. And all of these statements are true. So what we are saying is that our 

productive output is the result of effective management—management 
that so combines the factors of production that they are judiciously used 
to produce and distribute our goods and services. . 


WHAT IS 
MANAGEMENT 


What is this elusive element called management that does all of this so 
effectively? What is it composed of? What does it do? How does it operate? 
While these are involved questions that will be explained in some detail 
throughout this book, we still must have a concept of what management 
is and what a manager does before much of the material that follows is 
clear. Let us, start, therefore, with an exploration of what manage¬ 
ment is. 

/Every activity which we undertake involves an element that brings 
coordination or cohesiveness to the activity. Without this cohesiveness our 
acts would be ineffective, stumbling, perhaps random and unproductive. 
This element that infuses plan and objective, as well as cohesion, to out 
activities may be called management. ) 

I Management varies widely in its complexity. Managing a simple under¬ 
taking may consist of little more than receiving, sorting (remembering), 
translating and communicating information.^ A manager directing the 
efforts of a crew loading furniture into a moving van, for example, may 
do little more than tell the crew what needs to be loaded, indicate how it 
should be wrapped and direct the crew placing it aboard the van. Basi¬ 
cally this manager sees what needs to be done and tells his men what to do. 
IManagement consists oj getting things done through others; a manager 
is one who accomplishes objectives by directing the efforts of others. J 
Some managerial undertakings, of course, are much more complex than 
that in the above example and may require skills other than simply issuing 
verbal orders. They may require technical knowledge, a vast perception 
of world markets and demand and an understanding of the complex 
environment in which decisions affecting the outcome of the operation 
are made. Such a manager might be the president of a large firm, the 
head of some branch of government or the top administrator in a church. 
The work of each of these managers, though differing in detail, follow* 
a general pattern. Analyzing and describing this pattern of behavior will 
clarify for us what management is. 
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Talks to employees 

Gives directions to supervisor 

Dicutes letter 

Esublishes production goals 
Hires new assistant 
Gives award to retiring employee 
Reads mail, reports, etc. 

Attends committee meeting 
Makes decision about new project 
Plans what he will do about new building 
Decides whom to promote 

You will note that these activities, as well as others that you can think of, 
are either physical or mental in nature. The physical activities revolve 
around the concept of communication. He is either telling someone some¬ 
thing in writing, over the telephone, by gesture, etc., or he is receiving a 
communication via the written or spoken word. 

His mental activities, on the other hand, cannot be observed directly, 
but we know through his communication that he thinks and makes deci- 
sions-a mental activity. We can say. therefore, that the acts performed 
professionally by a manager are either physical —involving some aspect 
of communication—or mental —involving mental activity and decision 
making. The ultimate objective of these managerial acts is to create an 
environment in which other individuals will willingly participate in order 
to achieve objectives. In fact, this is the total job of a manager: to create 
an environment conducive to the performance of acts of other individuals 

(1) to achieve a collective goal (commonly called the firm's goal), and 

(2) to achieve one or more of the goals of the participating individuals. 
Thus managers must create a work atmosphere that will encourage people 
to lend their efforts and participate in the undertaking. Indeed, unless 
they do create such an atmosphere or environment, employees will not 
join them in accomplishing the undertaking. 


THE MANAGERIAL 
ENVIRONMENT 


This work environment with which we are concerned possesses two facets: 
one is concerned with the actual physical environment in which the work 
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i, performed; the other is concerned with the mental or conceptual envi- 

ronment in which the workers operate. ... „ c 

The physical environment is concerned with all the physical aspects of 
which it is composed: temperature, noise, light, ventilation; the tools 
which are employed; the methods of work; the materials employed; the 
sequence in which work is performed. In fact, everything that affects the 
physical environment is part of it, and it is these things which managers 
must employ in correct proportions to make up a physical environment 
in which employees will work continuously, contentedly and productively. 
Other less obvious items which may also contribute to the development 
of this physical environment are queuing theory, probabilities, economic 
lot size, equipment replacement analysis, and work sampling—to name a 
few. These contribute to this physical environment through their impact 
on production methods, materials, schedule and the like. 

The conceptual, or mental, environment is the second facet of the work 
environment which managers create. The conceptual aspect of the work 
climate or environment has to do with the attitude of the individual 


worker—how he perceives his environment. The manager aims to create 
a positive attitude or frame of mind for each individual worker which 
will encourage him to participate in the endeavor. The conceptual envi¬ 
ronment should be one that makes for worker satisfaction—an environ¬ 
ment which will make the employee understand why it is to his advantage 
to participate in the endeavor. This type of environment is not always 
achieved, in which case an employee may either leave the firm and seek 
employment elsewhere, or not contribute wholeheartedly to accomplish¬ 
ing his tasks. Employees must be made to understand through this con¬ 
ceptual or mental climate why the firm needs them, why they should 
participate in the work, and how their personal goals or objectives can 
be reached by this cooperative endeavor. 

Thus managers must create both a healthy physical and conceptual 
environment or climate in order for others to join them in accomplishing 
the objectives of the undertaking. Without this proper environment, par¬ 
ticipation may be lacking or it may be ineffective and far from productive. 

These two environments, of course, do not and cannot exist indepen¬ 
dently. A perfect physical environment may well be imperfect to an 
employee if he perceives it to be that way. If he thinks it is too hot, for 
example, it is too hot for him to work effectively—if at all—even though 
the thermometer shows the temperature to be comfortable. In like 
manner, the mental environment is affected by the physical environment 
because man’s mental outlook is affected by his physical surroundings. A 
public address system, for example, may pour forth music that has a 
tranquilizing affect on the tension that workers generate. Thus the physi¬ 
cal affects the mental. The public address system could also be used to 
announce awards and prizes to employees at various times. Such announce- 
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MANAGERIAL FUNCTIONS 

Planning. Every manager must, to some extent, make plans for the 
morrow. They may vary from the immediate to the long-range future, from 
the simple to the involved, and from departmental or local to company- 
wide in their impact. A manager, for example, may plan the work which 
must be done tomorrow, decide when vacations will start, determine which 
products will be manufactured next year, and plan the company’s growth 
pattern during the next five years. These and similar looking-ahead activi¬ 
ties we call planning, a vital function performed by every manager. De¬ 
termining these future activities necessarily involves a conceptual or 
mental look ahead and recognition of needed future actions—whether 
they be tomorrow or next year. It involves looking ahead, conceptualizing 
about future events, and making decisions today which will affect the 
future. Planning in this manner, therefore, is a rational, economic, sys¬ 
tematic way of making decisions today which will affect the future. 

If future events could be determined with accuracy, then a plan of 
action could be developed to accomplish the objectives of the firm under 
the conditions which the future would bring. The future, however, is not 
certain, and at best, forecasting future events is a game of educated guess- 
ing. 

Thus, not knowing what the future will bring, the manager estimates 
or forecasts that one of several possible conditions will exist at some given 
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future time. He may, for example, estimate that the sale of his product 
two years from now will follow one of three alternatives: (1) sales may 
rise appreciably, (2) sales may decrease markedly, or (3) sales may remain 
fairly constant. For each of these possible future conditions, the manager 
formulates plans. 

For alternative number one, for example, his plan may call for hiring 
additional personnel and working on a three-shift basis. A second plan 
to cope with alternative number two may call for firing all except the 
key personnel. And a third plan for alternative number three may indi¬ 
cate that added emphasis will be placed on advertising and selling in order 
to increase or at least maintain average sales. 

A manager’s future planning, therefore, actually consists of developing 
a series of plans, some of which will be put into effect, depending on the 
conditions existing at that future time. Obviously, not all plans will be 
put into effect—only that plan designed to meet the situation as it de¬ 
velops in the future. 

Planning is not a function reserved exclusively for top management. 
To the contrary, it is one of the functions that every manager performs, 
regardless of his location in an organization. It is true, however, that top 
managers spend a greater portion of their lime planning than first-line 
supervisors. Also, top management planning often extends further into 
the future than planning by lower level managers. 

Planning, of course, is not a separate, easily recognized managerial 
act; it is an inseparable part of a manager's total activities. A manager 
does not give even the simplest directive without some plan. The plan 
may have been carefully thought out or it rnay evolve along with the 
communication act itself. As a manager looks over some work, for ex¬ 
ample, he may well be planning how changes could be incorporated in 
it. In fact, every managerial act. whether it be mental or physical, is 
inexorably intertwined with planning. Some variety and some amount of 
planning, therefore, is as much a-part of every managerial act as breathing 
is a part of living. While we 'speak of planning as being conceptually 
separate in order for us to analyze it and see how it is involved in the total 
managerial job, in practice it is not a distinct entity and cannot be sep¬ 
arated from the whole. It is, however, vital to effective management be¬ 
cause without planning, the activities of a firm may well become confused 
and ineffective. Indeed, thoughtful and careful planning can do much to 
advance a firm from a level of mediocre existence to one of leadership. 

Organizing. We all recognize that a manager must organize—organize 
people, organize materials, organize time, organize jobs. In doing this he 
brings order out of chaos and introduces system into the environment. 
By establishing order, the manager is creating an environment which will 
be conducive to achieving the organization’s objectives. 
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neither function being clearly or separately discemable, but both 
mixed in the whole managerial function. 

Directing. In addition to planning and organizing, a manager must 
succeed in directing the activities of others. This managerial function 
relates to those activities that deal directly with influencing, guiding, or 
supervising subordinates in their mbs. This function does not cease with 
the mere issifance of a directive. We must in some manner communicate 
to his associates the, oASnizahofiVobjectives, what he wishes done and 
so on. This communication function may take various forms—speaking, 
writing, gesturing.'But whatever its form, it cannot be performed alone; 
it must be executed in conjunction with the previously discussed functions 
of planning and organizing. 

In directing employees in their tasks, the manager's communication 
is a planned and organized one. In fact.'f manager cannot knowingly 
direct without also fanning and organizip^ An unplanned, disorganized 
directive migh^wellW a m^rf^^a/cdmulation of words. Thus the 
third function'of jp'licMg, M planning and organizing, cannot stand 
alone but musk be performed in conjunction with planning and organiz¬ 
ing. The three are forever joined into an inseparable whole and cannot 
be divided except for conceptual or analytical purposes. 


Controlling. Whenever men are joined together in some common 
undertaking, it appears that some form of control is always necessary. 
Orders may be misunderstood; rules may be violated; objectives may 
unknowingly shift. Whatever the reason, it seems that the greater the 
number of individuals concerned, the larger are the probabilities that 
inappropriate action (or inaction) will be taken. In fact, these probabili¬ 
ties seem to increase in a geometric way with an arithmetic increase in 
personnell As a result of this deviation from a norm or plan, the man¬ 
agerial function of control comes into being. 
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The function of control consists of those activities that are undertaken 
to force events to conform to prearranged plans. Thus planning is neces¬ 
sary for control. The essence of control from a managerial standpoint is 
that a manager must control people. If people are controlled properly, 
then actions and events will conform to plans. Managers, therefore, con¬ 
trol things by controlling people. When preconceived or planned objec¬ 
tives are not reached, some action must be taken to remedy the situation. 
Managers must direct their employees to take some planned and necessary 
action. This control function, like the others discussed above, cannot exist 
alone. In fact, a moment’s reflection shows us that the word control im¬ 
plies a preconceived plan that has been communicated in some organized 
fashion. Control is also not a managerial function which is performed sep¬ 
arately; it must be performed in conjunction with planning, organizing, 
and directing. That it cannot exist alone is immediately apparent when we 
realize that managerial control. consists of preconceived and planned 
acts which must have organization and system—otherwise it is meaning¬ 
less. Likewise, employees must be directed as to what action they should 
take in order for control to exist. 


THE MANAGERIAL 
COMPOSITE 

The management process, therefore, is not a series of separate functions 
(planning, organizing, directing, controlling) which can be performed 
independently; it is a composite process made up of these individual in¬ 
gredients. No one'function can be performed without involving the others, 
and by employing this composite, managers create an environment con¬ 
ducive to the coordinated participation of team members. 

Perhaps you question this composite concept and say, for example, that 
a manager can plan without involving the other three. Let us look at this 
proposition and see if this can hold true. 

A plan is a course of action—an organized scheme for doing something. 
Planning without organization, therefore, is impossible. A plan, to be 
a plan, must be known and communicated. We may, in fact, question 
the existence of a plan which is not known. Therefore, to be in existence 
and to be known by others, a plan must be organized as well as commu¬ 
nicated. Now let us look at the control aspect. To control is to verify 
something by comparing it with a standard and taking action if neces¬ 
sary. This standard of comparison from a managerial point of view is 
the planned objective which has been communicated in an organized 
manner to others. Thus it is that the plan or objective provides the refer¬ 
ence point or standard, and this being true, a manager cannot plan 
(thereby establishing an objective) without necessarily involving organiz - 
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ing , directing, and controlling to some extent, inasmuch as this objective 

is the reference point for control. other func- 

In the same manner, organizing involves to some exte 

for control. Directing is a planned and for 

goals or objectives, and in the process establishes the referen p 

“"None of this is to imply, however, that they are always found in the 
same proportion. The directing function, for example, may £onU ^^; 
15 percent planning. 60 percent communicating or directing. 15 percen 
organizing, and 10 percent controlling; while the organizing function 
may consist of 30 percent planning. 50 percent organizing, 15 percent 
directing, and 5 percent controlling. Moreover, these percentages vary 
from manager to manager and from job to job. 

By the same token, every manager does not employ the same amounts 
of these four functions in his work. A top level manager such as a bishop, 
president, or governor may employ a mixture of, say, 40 percent planning, 
30 percent organizing, 20 percent directing or communicating, and 10 per¬ 
cent controlling. A first line supervisor, on the other hand, may employ 
70 percent communicating or directing, 20 percent organizing, 8 percent 
controlling, and 2 percent planning. Not only do the proportions vary 
from manager to manager, the proportions may vary from day to day 
with the same manager. The managerial process is made up of varying 
proportions of four functions, each of which is composed of varying pro¬ 
portions of the other functions. It is the wheel within the wheel idea, or 
we can think of it mathematically by using the subset concept. 

This analysis of the managerial function is complex. This composite 
aspect of management is not readily apparent to the uninitiated, and 
because of this the study of management is frequently confusing to both 
the student and the practitioner. Management cannot be viewed as a fixed 
entity, a readily discernible and unchanging known. It is, instead, a 
highly reactive compound which varies from manager to manager, job to 
job, and from time to time—a compound virtually never found twice in 
the same proportion. 


FUNCTIONS 
AND ENVIRONMENT 

The job of management, we have said, is to build an environment which 
will elicit the coordinated participation of individuals to achieve an 
objective. In building this environment, managers employ a composite 
process involving planning, organizing, directing, and controlling. The 
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effective performance of a manager in building this environment calls for 

a vast, almost endless amount of knowledge. 

A managerial decision may necessitate an in-depth knowledge of a 
specialized technology involving a chemical process, or a basic understan - 
ing of a complex mechanical concept. And this decision must be the right 
one to effect the proper physical environment for worker participation. 
A manager, to be effective, may well need to understand quantitative 
theory in order to make a sound choice involving proper proportions and 
sequencing of operations. It may be that he calls upon all the collective 
knowledge of the physical sciences to aid him in the development of a 
physical climate (environment) in which others will willingly and effec¬ 
tively participate. 

We have said also that a manager must create an acceptable conceptual 
or mental environment. To do this he needs to have information about 
the mental behavior and attitudes of individuals and must call on the 
behavioral and social sciences such as sociology, psychology, anthropology, 
and economics for help in developing a conceptual and emotional climate 
or environment in which employees will participate effectively. 

A manager, in creating the appropriate mental and physical environ¬ 
ment for the effective participation of others, must be a composite special¬ 
ist. In fact, he needs to be a specialist in virtually every known field in 
order to be the best manager possible. We could even say that there is 
virtually no knowledge, no field of learning, that would not in some 
manner (though tenuous at times!) have managerial application in the 
effective development of an appropriate environment for the achievement 
of objectives. 


MANAGERIAL EDUCATION 

Educating an individual to be such a manager as described would be a 
formidable, virtually impossible task. A lifetime of study would not suffice, 
yet we ask our managers to make decisions daily which to be truly effective 
require information far outside their sphere of competence. Managers 
find themselves needing to "know it all," yet physically they are unable 
to absorb such extensive knowledge. They find themselves forced to man¬ 
age and to be productive though lacking the necessary knowledge to create 
a perfect environment. It behooves us, therefore, to find a compromise 
position between (1) this ultimate state of perfection in learning and 
(2) the necessity for meeting the requirements of reality. We must com¬ 
promise—and what we end up with is a managerial position which is 
costly in mistakes, ineffective in resource utilization, and productive of 
frustration and futility. 

This is not a condemnation of our economic system. It is, instead, an 
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admission of mans weakness, * ^vedSen TSfic- 

Recognizing this relauve state recognize a person's man- 

ing position in educating man ^ recognize that managerial 

^ - SShangri-la of perfec 

lion if we ever expect to accomplish our goals. . such a 

way in which the typical four (or six) years of college can best be emp y 
to prepare one to assume the role of an effective manager. 


A MANAGEMENT 
MODEL 1 

The following excerpt from The History of Management Thought is 
most applicable here: 

Some of us seem to think best, or understand best, when concepts are ex¬ 
pressed quantitatively or in model form. The idea is that one model is 
worth a thousand words. If this be the case, we might wish to express what 
has been said thus far about management in some concise formula or model. 
One approach to building such a model could be as follows. 

If we agree that managing consists of physical and conceptual acts which 
effect or yield physical and conceptual environments: and if we further 
agree that these acts and these enviroments are collectively a function of 
group (corporate) and individual objectives, then, we could express man¬ 
aging as: 

Mg = [(Ac + Ap) —* (Ec + Ep )) j (Oi, Og) 

where 

Ac = conceptual acts 

Ap = physical acts 

Ec = conceptual environment 

Ep = physical environment 

Oi = individual objectives 

Og = group (corporate) objectives 

W = a weight (proportion) of P (planning). O (organizing). D (direct¬ 
ing), and C (controlling). 

Inasmuch as the physical and conceptual acts (Ac -f Ap) of managing (Mg) 
may be expressed as compound of P, O, D, and C with varying proportions 
whose total is unity, then 

(Ac + Ap) = W X P + W 2 0 + W 3 D + W A C 

1 Claude S. George, Jr., The History of Management Thought (Englewood Cliffs, 
N. J.: Prentice-Hall, Inc., 1968), pp. 168-70. 
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where 

^ W { = 1 and W { > 0 

Therefore 

Mg = [(HV* + W'jO + W 3 D + ^C) —* (Ec + £/>)] f (Oi, Og) 

We know that despite well-set goals and effective managerial actions, 
neither the firm’s nor the individual’s goals are fully realized in most in¬ 
stances. They are. instead, partially realized. What, we might ask. happens 
io our model under these conditions? 

It may well be that a firm’s goal is 90 percent achieved while the individ¬ 
ual’s goals are 20 percent realized. Under these conditions employee re¬ 
sistance may well result. This resistance, in turn, would cause a change in 
managerial actions to effect a greater achievement of individual goals. 

By the same token, if the firm’s goal is only 10 percent realized and the 
employees' goals are 90 percent achieved, then some change will be made 
by the manager in his actions in order to effect a greater than 10 percent 
achievement of the firm’s goal. 

A good manager or an effective manager, therefore, is one who promotes 
high achievement in a firm’s as well as in an individual’s goals. 

Given the above, managerial achievement J^MgA) may be expressed as the 
percentage ( p ) that the firm’s and employee’s goals are realized. 

Thus 

MgA = p(Oi + Og) 

Likewise, if we recognize that managerial acts ( Amg) are a function of a 
percentage of Oi + Og, then 

Amg = f(pOi + pOg) 

If Og is known, Oi is a function of it. Thus: 

Oi = / Og and Og = f Oi 

Now, therefore, recognizing that managerial acts are functions of goals, and 
the effectiveness of these acts is in proportion to goal achievement; then, 
the percentage of achievement change's a manager s conceptual and physical 
acts which yield the conceptual and physical environment [(Ac + Ap) —► 
(Ec + Ep)\ which is a function of the goals. 

This can be expressed as a schematic model as follows: 


Mg = 
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THE SUCCESSFUL 
MANAGER 


makeTo^such ^nager^'e dTfficulHo determine. We ^"°w however 
that a manager must be able to inspire, motivate, and direct the work of 
others. He must engender in them an enthusiasm to achieve the objective 
of the firm, and this objective must be clearly set forth for them. A success¬ 
ful manager must also have some technical competence m his specialized 

A manager must have an open mind. He must think beyond the 
periphery of the normal thought processes. He must search outside the 
everyday rut for a more effective method, ideal, policy, or technique. He 
must always be open to suggestions for a better way of performing any 


task. 

He needs the ability to discern a problem. Although we may not rec¬ 
ognize it, many people cannot determine what is wrong in a given situ¬ 
ation. They see and treat symptoms rather than causes. Managers not 
only need to recognize the problem and the cause, they also need the 
ability to analyze the problem, determine alternate solutions, evaluate the 
effectiveness of these solutions, and, based on thi$ analytical process, they 
need the ability to make a wise decision as to which course of action they 
should follow. These are a part of a manager s everyday activities. 

The individual best suited for management work possesses these and 
other traits. Although the following basic list is not complete, it suggests 
the qualities most desired in a manager. 


1. A manager should be able to think. This is perhaps the hardest 
task most people face. Most of us find it easy to do, to act, to perform. 
We have difficulty, however, thinking clearly and purposefully about a 
problem. A manager must be able to think. 

2. A manager should be able to express himself clearly. The best 
conceived idea is worthless unless it can be communicated. A manager’s 
chief physical act is communicating. 

3. A manager must possess technical competence. This does not mean 
he must be a technician. But rather, he should possess the technical ability 
necessary in his field to enable him to manage effectively. 

4. A manager should possess the ability to think broadly. He should 
be able to see the overall, not miss the forest because of the trees. Broad 
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comprehension is necessary so he can see the effect of each proposed action 
on the whole organization. 

5. A manager should be a salesman. An idea conceived and commu¬ 
nicated must still be “sold.” Selling an idea-convincing others of its 
worth—is one of management’s tasks. Selling a plan of action is a vital 
part of communication and motivation. 

6. A manager should possess moral integrity. Both his superiors and 
his subordinates should have implicit confidence in him and in his actions. 

7. A manager should be emotionally stable. He should keep his per¬ 
sonal feelings out of business problems. 

8. A manager should possess skill in human relations and have insight 
into human motivation and behavior. This enables him to lead, not drive, 
his subordinates. 

9. A manager should possess organizational ability. This should be 
high on the list. 

10. A manager should be dynamic. This is a trait that is characteristic 
of leaders, and it is especially needed in our changing economy. This 
trait is a desire to move ahead, to change, to break new trails, to do bigger 
and better things. It is not an obvious "personality" trait. It is not a 
high-pressure personality. In fact, it may not even show on the surface. 
But it is desirable and usually spells the difference between passive admin- 
istration and dynamic leadership. 

Leadership. Leadership is. without doubt, the x factor in good man¬ 
agement. It is that elusive quality of management that inspires others to 
perform. It is that quality in a manager’s personality that enables him 
to influence others to accept his direction freely or willingly. Regardless 
of how we define it, however, it is a rare quality and one that should be 
nurtured and developed wherever it is found. 

A good leader is not necessarily a good manager, but an effective man¬ 
ager must have many of the qualities of a good leader. A good leader 
of a mob, for example, may possess few of the capacities of a good man¬ 
ager, but a good manager must be able to influence his employees and 
associates to do his bidding. He must be able to elicit their cooperation 
—to motivate and inspire them. Followers, of course, are motivated by 
the use of incentives which will help satisfy their needs. A leader, there¬ 
fore, must be able to recognize each of his follower’s needs in order to 
motivate him through his needs. 

Many people ask what the prerequisites for successful leadership are. 
This is a difficult if not impossible question to answer. Although we may 
recognize the spark of leadership, we cannot say with certainty that a 
person possessing certain traits or characteristics will necessarily be a 



leaders appear to exhibit. Among them are. 

1 The desire to excel. A leader is never content with second best 
He must always be in the lead, and is a self-starting md.v.dual who 
willing to engage in long hours and hard work to ach.eve success. 

2. A seme of respomibility. A leader is not afraid to seek, accept, and 
faithfully discharge responsibility. 

i. A capacity of work. Good leaders are willing to accept the de¬ 
mands of success—long hours and hard work. 

4. A feel for good human relations. Leaders study and analyze their 
followers, trying always to understand them and their problems. This 
ability to understand their fellow workers is in all probability the most 
important single characteristic of good leadership. 


5. A contagious enthusiasm. Enthusiasm is like a mob—once caught 
up in it, we move along with it. Good leaders should impart this con¬ 
tagious enthusiasm to their associates. Once workers are thus caught up 
in the web of enthusiasm for their jobs, they take on a new sense of 
adventure and enthusiasm in the accomplishment of their specific en¬ 
deavors. 

Obviously these five are not the only qualities of leadership. Intelli¬ 
gence, character, integrity, and similar traits commonly found in a dis¬ 
cussion of what it takes to be a good manager (or a good leader) might 
well have been included. Although not all inclusive, the list is indicative 
of those qualities that go to make a leader. 


The Contemporary Manacer. The hard-fisted, cigar chewing, dollar 
conscious ruler of industry is no more. Times have changed; businesses 
have changed; and the manager’s characteristics have changed. Some of 
these changes have come about within the past decade; others have been 
inching in, almost imperceptibly, through the years. In either event, they 
are here and in many respects they are revolutionary. 

A manager today, for example, finds that he is no longer in full control 
of the enterprise. He can no longer hire and fire in a unilateral fashion. 
He can no longer employ the powers he formerly possessed to get his job 
done. Instead of being in complete command of his ship, the manager 
today finds its direction often controlled through a series of vectors or 
forces outside his command. Laws, codes, and regulations established by 
governments, for example, constantly exert forces that limit his control 
and in some instances destroy his business. Labor unions have taken 
away many of his old rights of command. His business is no longer an 
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independent kingdom of its own. Instead, its existence depends upon 

other plants and other companies. 2 

With this change in management’s role has also come a new concept 
of a manager—his place in our society, his objective and his responsibili¬ 
ties. 


A MANAGER'S 
RESPONSIBILITIES 

In the past, many people felt that a business manager had only one 
responsibility—that being to make money for the stockholders. 

"The public be damned.” is the way William H. Vanderbilt expressed 
his feeling of sole responsibility to his stockholders for running a profitable 
enterprise. 

Today, however, business leaders are developing a new philosophy of 
business. Some call it business statesmanship. Others call it enlightened 
leadership. Whatever its name, it refers to the fact that farsighted indus¬ 
trial leaders are beginning to realize that they have responsibilities not 
just to their stockholders, but to many groups both inside and outside 
the firm. It recognizes a sense of responsibility to the community. It en¬ 
compasses the philosophy that management exists for the betterment of 
mankind. 

Frank Abrams perhaps best expressed this new philosophy when he 
said that the job of management "is to conduct the affairs of the enterprise 
in its charge in such a way as to maintain an equitable and workable bal¬ 
ance among the claims of the variously interested groups." 3 Included 
among the interested groups are, obviously, the stockholders. In addi¬ 
tion, management also has very positive responsibilities to its employees, 
its customers, the general public, and the government. Let us consider 
each of these briefly. 

Responsibility to Stockholders. A stockholder invests in a firm to 
make money. Perhaps more than anything else, a stockholder wants a 
good return from his investment, along with a degree of security. Of 
course, he will agree that his company should treat its employees fairly 
and that it should be honest with the public and its customers, but pri¬ 
marily, he wants dividends—and continued dividends can only come 
from profits. 


2 0. A. Ohmann, "Search for a Managerial Philosophy." Harvard Business Review 
(Scptember-October 1957). pp. 41-51. 

3 Frank Abrams. "Management's Responsibilities in a Complex World," Harvard 
Business Review (May 1951), p. 29. 
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Managements responsibility to tong-run return on 

the business in such a manner a y f g hi responsibility when 

investment. Contrary to some indtviduals beliefs, ^ any 

considered in its broadest ^ 0|he[ individuals and groups, 

responsibilities that manage nrofi r ra m for example, may ma- 

An extensive building and replacem P"** .' h lon g. rU n dividends 
terially reduce dividends for several years bucin^hejo g* ^ ^ 
should be greater than if the replacement progr 

13 This concept of long-run profits is sometimes difficult to get across to 
stockholders. Getting them to understand it. however, is 
responsibility. In fact, management has the larger res ,P"" s, , ^ y f 
proving total communications between the company and the s ' ockho ‘“" S ^ 
ft used to be fashionable in management circles to give the stockholders 
as little information as possible about operating conditions, polices and 
objectives of the firm. "Keep the stockholders in the dark was the theme. 
Today, however, this concept is being completely reversed. 

Annual report, for example, are much more comprehensive and intelli¬ 
gible. Every effort is made to present information of real interest to the 
stockholder. Not only are accounting audits published, but often they 
are interpreted for the layman. By recognizing this responsibility, man¬ 
agement has done much to widen the ownership of corporate securities. 
With this growth in ownership has also come an increased interest in cor¬ 
porate activities and legislation affecting corporate structures, taxes, and 
the like. 

Recognizing this responsibility for communications to the stockholders, 
many managements are holding annual stockholders' meetings at places 
and times calculated to be most convenient for the owners. Indeed, some 
corporations have adopted the practice of holding regional meetings to 
give a larger number of owners the opportunity to meet, discuss, and 
better understand corporate objectives, policies, and actions. 

With these improvements in communications, today’s stockholders are 
more enlightened individuals with a real appreciation for the fact that 
an intelligent management is one that recognizes its total responsibilities 
—not just its responsibility to a single group. 


Responsibility to Employees. Management is also recogni/ing that 
it has a very positive responsibility to its employees. Even as stockholders 
have invested their money, so have employees invested their time, their 
energies, and their efforts with a firm. Having thus cast their lot, em¬ 
ployees are entitled to a far-sighted management which recogni/cs its 
specific responsibilities to its employees as well as its overall responsibility 
for operating a profitable enterprise. 
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When we examine management's many obligations to its employees, 
we find they can be grouped under four different headings: 4 

1. Management's responsibilities as they relate to employment. 

2. Management’s responsibilities as they relate to working conditions. 

3. Management’s responsibilities as they relate to economic security. 

4. Management’s responsibilities as they relate to job satisfaction. 

Let us consider each of these. 

Employment. In some companies today, employment procedures are 
often one-sided actions aimed at getting factual information from a pros¬ 
pective employee. No attempt is made to tell him about the company, 
its working conditions, operating procedures, and so on. And then, 
when hired, the applicant may be placed in the first available opening- 
irrespective of his desires and interests. Such action does not represent 
the new responsibility that management recognizes to its employees. 

This new responsibility includes a courteous reception to an applicant 
and the willingness to give information about the company, as well as 
get information about the applicant. It also includes the responsibility 
to place a worker in a position for which he is qualified by abilities and 
interest. In many companies, this placement obligation entails counsel¬ 
ing and testing services. 

Working Conditions. The average worker spends about 50 percent 
of his waking time at work. For many employees, their work place is 
their second home. Management today is recognizing this and acknowl¬ 
edging its responsibility to provide physical facilities that meet accepted 
standards of cleanliness, light, heat, ventilation, and safety. In addition 
to the physical aspects of working conditions, management also has the 
responsibility to provide workers with leadership that will inspire their 
cooperation—leadership which they can follow, confident that their best 
interests will be observed. And finally, to create better working condi¬ 
tions, management has the responsibility to promote and encourage a 
human relations program that will make for harmonious relationships and 
effective work. This is a fundamental responsibility of every manager. 

Economic Security. Thinking on this subject has changed consider¬ 
ably. Management not only has the responsibility to provide a job, but 
insofar as possible, a steady job. Management has the responsibility to 
plan and coordinate production in seasonal work, for example, so as to 

< Claude S. George, Jr. and W. Rowland Reed, “Management’s Responsibility to 
the Worker,’’ Journal of Personnel Administration and Industrial Relations (July 1954), 
pp. 136-47. U 1 9 
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make employment as steady and unifonn as possible The^economic in, 
pact of such employment on the individual as well as the common y 

” mST,. i. beginning .o reeli.e d» i. ha. a 
maintaining a worker s income, to some degree, dunng periods of .lines 
or temporary disability. This can be accomplished through various type 
of employer-employee supported insurance plans. In addition, many 
writers feel that management should also assist the worker in providing 
economic protection through life insurance, as well as help him make 
some provisions for retirement through the establishment of mutually 
supported retirement plans. 

Many leading firms have already incorporated these as well as other 
measures aimed at promoting economic security for their employees. To 
many individuals, this is truly a forward step by management in assuming 
its due obligations. 


Job Satisfaction. Management has accepted the responsibility of in¬ 
creasing the day-to-day satisfaction and well-being of its employees in 
relation to their work, their fellow employees, and the company. This 
responsibility incorporates the obligation to provide the opportunity for 
advancement within the limits established by the size and nature of the 
organization. It incorporates a moral obligation to train employees so 
that they can attain the highest level of responsibility of which they arc 
capable. And it includes the responsibility to recognize and respect the 
individual dignity of man—to treat each worker as an entity and not as 
an impersonal part of a group of humans. 

These factors that we have just discussed, as well as others, are indica¬ 
tive of the responsibility that enlightened leaders feel management has 
toward its workers. Although not comprehensive, the foregoing does sug¬ 
gest some of the areas most frequently touched upon and acknowledged 
by forward-looking managers. 


Responsibility to Customers 
"The customer is always right.” 

"It pays to be customer-minded." 

"The customer is king.” 

These statements are typical of those illustrating the increasing aware¬ 
ness that customers are a firm's most valuable asset. Indeed, they are 
the lifeblood of any business. Recognizing this, management is becom¬ 
ing increasingly aware of its responsibilities to its customers. It is, in 
fact, developing a philosophy which places the overall interests of the 
customer first in every decision that affects the operation of the concern. 

Managements basic responsibility to its customers is to provide a 
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quality product that the consumer wants, when and where he wants it, 
at a price he is willing and able to pay—all, of course, at a fair profit. 
The way in which this obligation is accomplished has the greatest bearing 
on the long-run success of the firm. This responsibility can be met to 
a degree by finding out the customer’s desires and then giving him a 
product he wants—not offering him a product that management thinks 
he needs. In this area, market research is a virtual necessity to fathom 
the customer’s mind and find out his needs and desires. And, obviously, 
in fulfilling this responsibility management is not ignoring its responsi¬ 
bility for profitable operation. To the contrary, good customer relations 
can do much to enhance the profitability of any enterprise. 

In addition to the responsibility of meeting the immediate demand for 
products, management has a broader responsibility to look ahead and 
make provisions to produce products that will be required by the cus¬ 
tomer in the future—products that will promote a smoothly functioning 
society and economy. 

And finally, management has the ever-present responsibility to build 
integrity into its products—to produce goods which are constantly being 
improved, which represent better buys and which incorporate the com¬ 
pany’s reputation -for fair and responsible treatment. 

Responsibility to the Public and Government. Businesses exist be¬ 
cause the public and the government allow them to exist. Corporations 
come into being and are allowed to operate because the citizens and the 
government of a particular state agree they could do so. Business owns 
property and locates buildings in accordance with the rights granted 
by local governments. 

Because business has its being through the consent of the general 
public and government, it has a very definite responsibility toward each. 

A first responsibility, obviously, is to obey the laws set forth by local, 
state, and federal governments. This responsibility includes obeying not 
only the letter of the law, but the spirit of the law as well. Where the 
law is vague and loopholes exist, management has the responsibility to 
operate within the total meaning of the law, considering the best interests 
of the community. 

In addition to obeying the law. management has a broader responsibil¬ 
ity of playing a part in the overall planning for our economic well-being. 
It has an obligation to aid in developing our laws and our economy. This 
includes devoting time and energy to analyzing and discussing public 
problems and making information and conclusions from the study avail¬ 
able to public officials and legislators. For example, if certain proposed 
laws appear to be detrimental to the best interests of the firm as well as 
the economy, management has a responsibility to study and analyze the 
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proposals and make its beliefs known to the P^.^in'ingout^e 
impact the law would have on the economy as a whole. 

^“u-nd communities, the actions of on,e*-£con¬ 
siderable impact on the best interests of the area. Managetnent mere 
fore, has an obligation to run its business m harmony wiA^‘he potete* and 
interests of state and national governments. In times of j p y. 
as war, the interests of the business obviously should be secondary to the 

best interests of the public and the state. . 

Although ideas about business attitudes and responsibilities change, 
they change slowly. Many of the responsibilities discussed in this chapter, 

for example, were not recognized twenty years ago. 

Today, however, modem enlightened management is developing an 
awareness and a philosophy of its multiple obligations. Out of its total 
thinking, management is developing a new philosophy of business states¬ 
manship. It is recognizing, as never before, that a firm will not prosper 
for any considerable time if its sole objective is to make as much money 
as quickly as possible. Instead, modern management is beginning to rec¬ 
ognize its obligation to society at large to aid in developing an environ¬ 
ment and an economy conducive to providing a satisfactory way of life. 


THE MANAGEMENT 
PROFESSION 

Whether or not management is a profession is argued on every hand. 
Some feel it is—others sayut is on its way. The final answer depends upon 
the way we define a profession. Louis D. Brandeis, for example, in calling 
management a profession defined a profession as a field where training 
was intellectual in nature, a field in which one enters for the sake of 
others, and in which financial reward was not considered a measure of 
success. Today we frequently hear a profession defined as a field with a 
well defined body of knowledge; one which is learned, intellectual, and 
organized; one with entry restricted by examination or education; and 
one which is concerned primarily with service to others above self reward 
When we measure management as a profession against these, we find 
that it meets the body of knowledge requirement. This is true from the 
vocational understanding of the functions of business, the general core 
disciplines found in typical schools of business, the graduate programs 
where functions, organizations, social institutions, social responsibilities, 
and policy are emphasized. The disciplines behind these approaches 
are many, the more apparent ones being mathematics, economics, statistics, 
sociology, anthropology and psychology. Many aspects of these disciplines 
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are applied through research to managerial situations in successful con¬ 
cerns to help develop a body of knowledge useful for managerial applica¬ 
tion. 

Management fails the test of professionalism, however, on the ease of 
entry test. Anyone can label himself a manager and apply it in a business 
operation. More and more, however, managers are not "self-made” but 
are instead products of the classroom and research. Education and train¬ 
ing are looked upon by society as vital to managerial progression and suc¬ 
cess, and typically those managers so educated are the ones to whom 
positions of power and real responsibility are given. The market place, 
therefore, is tending to eliminate the self-made manager. 

The social responsibility concept is more nebulous to deal with. There 
are those who will say that management's only concern is to maximize 
profits—with no ultimate concern for customers, society, etc. This aspect, 
too, has changed considerably since 1950. Many managers today do not 
view success as an expression of profits for several reasons: profits are 
considered the reward for a successful mission; profits are a measure of 
success but are not a success within themselves; profits indicate success 
because a loss was avoided; profit is only a long term concept needed 
for the enterprise to survive and attract sufficient capital to enable it to 
fulfill its prime mission. This is the Henry L. Gantt concept of "service 
not profits”—he who serves best will profit most. All this is not to say 
that businessmen are altruistic and are not seeking large profits. It is say¬ 
ing, however, that the profit motive is being placed in a less prominent 
position and is being recognized as a means to an end and not an end in 
itself. This moves management closer to the status of a profession. 

To shore up this position, many of the trade'associations representing 
firms in their industry are hammering away at codes of ethics and business 
conduct. They are emphasizing management's responsibility for fair play, 
fair representation, and products that meet generally accepted standards 
of safety and quality. By internal pressure, so to speak, they are attempt¬ 
ing to improve their industry's actions and image. 

As we consider the above, it becomes clear that managers today are 
miles apart from the old-time managers of yesteryear—that the gap that 
once existed between management and a profession has been consider¬ 
ably narrowed. In fact, we only have to look around ourselves to find 
ample evidence of this closer proximity of management to the status of 
a profession. Business enterprises, for example, are not operated on a 
seat-of-the-pants basis but are involved in research, long-range planning, 
and a sophisticated use of the latest computer and mathematical tech¬ 
nolog). The leaders, too, in our major firms have changed. No longer 
the cigar-chewing bulls of the woods, they recognize the impact of their 
acts on society's growth. They are beginning to see that the international 
aspects of problems are vitally relevant to the good of the company and 
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with the good. But the important point is the progress 

made and^he trend that has developed during the past two decades. 

* Ho management is no, outright a profession-but it is- W 
steps in that direction. And the opportunities in it as a result of this are 
innumerable. Every enterprise presents possibilities for the *PP''«" on ° 
the art and science of management. Virtually every business is a potential 
source of employment. The field-,he profess.on-of management offers 
abundant opportunities for self-expression and financial remuneration to 
those who can and will qualify. 


STUDY QUESTIONS 

1. Explain in detail the functions of a manager. 

2. Define management. 

3. What qualities are important in a good manager? 

4. Explain the differences, if any. between management and leadership. 

5. Why is good management of paramount importance to a firm? 

6. How have the concepts of management changed through the years? 

7. Is management's sole responsibility to maximize profits? 

8. Explain what business statesmanship incorporates. 

9. What are management's major responsibilities? 

10. Can a good manager be a good business statesman and a profit maximizer 
at the same time? 



THE 


MANAGERIAL 

SYSTEM 



Writing circa 500 b.c., Mencius declared: 

Whoever pursues a business in this world must have a system. 

A business which has attained success without a system does 
not exist. From ministers and generals down to the hundreds 
of craftsmen, everyone of them has a system. The craftsmen 
employ the ruler to make a square and the compass to make 
a circle. All of them, both skilled and unskilled, use this 
system. The skilled may at times accomplish a circle and a 
square by their own dexterity. But with a system, even the 
unskilled may achieve the same result, though dexterity they 
have none. Hence, every craftsman possesses a system as a 
model. Now, if we govern the empire, or a large state, with¬ 
out a system as a model, are we not even less intelligent than 
a common craftsman? 1 

1 Kuo-Cheng Wu, Ancient Chinese Political Theories (Shanghai: 
The Commercial Press, Ltd., 1928), pp. 40-41. 
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In other words, what Menc " 
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S performs its function in a unified and ba.anced manner. One sub- 
system provides oxygen; another, the sense of ''•-^and soon.Each 

subsystem, however, is not an independent system .n the body but rather 
is dependent on the orderly functioning of the other subsystems 

harmonious and continuous action. mt#*rnrise 

In a business operation, likewise, the organic whole of the enterprise 

consists of various subsystems or activities which together act in a unified 

fashion to produce goods and services. 

To produce an automobile, for example, a number of activities must 
take place. Raw material must be purchased and inventoried; parts must 
be produced; the parts must be assembled; the assembly must be inspected; 
and the final product must be shipped to its destination. All of these activi¬ 
ties, or subsystems, working in harmonious concert provide for the final 
product. In a business firm we would call these subsystems by names such 
as: purchasing, inventory control, production, assembly, inspection, mar- 
keting, and so on. Through the coordinated activities of these subsystems, 
acting in a mutually dependent manner, products are produced. 

In like fashion, we can analyze and describe the subsystems of firms 
which produce services. An accounting firm provides a service which con¬ 
sists of auditing the books of a firm, certifying as to their accuracy, prepar¬ 
ing statements of profit and loss, assets, cash flow, and perhaps making 
suggestions which would improve some record keeping procedure. These 
departments, or subsystems, in an accounting firm might be called the 
auditing department, records and billing department, inventory depart¬ 
ment, management services department, and so on. 

Perhaps we could better understand this systems-subsystems concept if 
we examined the organization of, say a church, a school, a hospital, or 
some enterprise. Most of us will eventually be involved in business, so 
let us analyze in detail a typical operating firm. 
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THE OPERATING 
FIRM 

The operating firm can be viewed like our body as a total organic whole 
consisting of various subsystems which operate in a balanced, coordinated 
and integrated manner to make the whole what it is. 

Every firm must be provided with money or capital to operate. This is 
accomplished by the finance function, or subsystem, as it pumps funds in 
the appropriate amount to various departments or activities. A product 
or service must be produced, such as an automobile or an audit, and this 
is accomplished by the production function, or the production subsystem. 
And, of course, the product must be sold and distributed, a function per¬ 
formed by the marketing subsystem. Each of these subsystems, in turn, is 
composed of sub-subsystems. It is the wheel, within a wheel, within a 
wheel concept. Let us examine one of these subsystems to see how it is 
structured. 

For a firm to exist it must have a marketing subsystem which is made 
up of a series of sub-subsystems. The advertising function is a subsystem 
of the marketing function and is necessary in order to inform the customer 
about the product and help him make purchases. This advertising func¬ 
tion, a sub-subsystem of the marketing subsystem, must operate in a bal¬ 
anced, coordinated and integrated way for the marketing subsystem to 
operate effectively as a part of the entire overall system which we call the 
firm. 

The marketing subsystem may likewise be composed of other sub-sub- 
systems, such as consumer satisfaction, research, sales, inventory, cus¬ 
tomer relations, and so on. Each of these sub-subsystems goes to make up 
the whole subsystem of marketing which is an integrated and necessary 
part of the total overall system of the firm. Like the organic subsystems 
of the body, each subsystem of a firm must operate in a coordinated, 
balanced, integrated fashion for the firm to exist in a desirable form. And 
in similar manner, each subsystem must exist and operate in some fashion 
if the firm is to exist. If the respiratory subsystem of our body is not func¬ 
tioning properly—if it is not in balance with our other systems—then we 
may suffer ill effects. When we get pneumonia, for example, the respira¬ 
tory subsystem is not working as it should, and the rest of the body—the 
rest of the system and its subsystems—cannot function normally. If the 
respiratory subsystem ceases to function, the total system ceases to func¬ 
tion also. 

When one subsystem of a firm is not operating in a manner that is 
balanced—when it is not coordinated with the other subsystems—when 
it is not integrated properly into the whole system, then the total system 
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ma y suffer. The marketing subsystem * 

the firm to exist. If a poor «r allows^ ^ ^ may be oul 

diminution of its selling efforts, rec0 enizing the dependence of the 

Of baiance because the manager "°' “ m Improperly designed it ini- 
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dally. Whatever the cause for th - Qn of lhe whole system. 

and consequently affects the effec pe^ func i io ning properly the sub- 

Likewise, when a sub-subsyste who i e overall system, 

system suffers, which in turn negative y and execule d, the mar- 

If advertising (a sal>4ub^«>)wP^^aive. thereby causing a drop 
keting function (a subsystem) y organized en- 

uiTces clearly, they comprehend a subsystem, but they do not have a cle 
understanding of what makes the whole system operate effectively an 
economically. Many'managers operate firms which ,im P al ° n 8 ^ k,n 8 
some progress and some profit. But they are not operating hem effectively 
and economically, total output is not as large as it should be in relation 


to total input. „ . 

Another manager, one with an overall systems approach, may well take 

the same input (resources) and triple output. To do this he makes sure 
that the subsystems operate in a balanced, integrated, coordinated manner 
so that the firm operates as a unified whole, a system, in achieving its 
goals. To accomplish this he may need control subsystems to enable him 
to see balance or lack thereof, coordinated operation or lack thereof, and 
so on. As a manager he must make decisions and create an environment 
which will make for a unified, coordinated system of production. To 
illustrate this, let us turn our attention to the typical operating functions 
and subsystems which we find in successful concerns and see how they 
operate in a balanced fashion to make the whole sysjem productive and 


operative. 


THE OPERATING 
SYSTEM 

When we speak of the organization structure of a modem corporation, 
many of us do not have a clear picture of what it consists of—the relation¬ 
ship between its parts, its subsystems. Many of us are confused as to what 
a treasurer does in a company and where the personnel subsystem fits into. 
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Figure 2.1. An organization chart illustrating typical line and staff relationship*. 


a corporate organization. In view of this, perhaps it would be wise to 
make a general survey of a going firm or system and see how each major 
subsystem functions in relation to the whole. Once we have grasped this 
overall picture, we will be in a better position to study and analyze the 
specific subsystems of an operating firm in subsequent sections of this 
book. 


Board of Directors. Legally the board of directors represents the 
stockholders of the corporation. It speaks for the owners and as such the 
board is the "supreme commander" in an operating corporation. 
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then it is known as an outside toard- An in pro blems and 

0f ‘ b rrOutside boards are 

claimed to be more effective because they bring a wide range of expert- 
ence and ability to a company. A mixed board, consisting of both insider, 
and outsiders, would appear to be more desirable because it would in ■ 
porate the better features-of the two. Along this line. a 
of the nation's largest companies revealed that the bomb ° 
consist of 38.9 percent inside and 61.1 percent outside directors with 
95.7 percent of them owning stock in the company. 2 


President. The president is usually the top executive officer, the over¬ 
all manager, of the corporation. He is charged with the collective opera¬ 
tion of the firm and is responsible to the board of directors for achieving 
the major objectives established by the board. Because of the comprehen 
sive aspects of his job. the president is usually delegated broad authority 
by the board of directors. 

Some companies have a vice president or executive vice president, who 
is second in command. His duties are prescribed by the president and are 
similar to those of the president. The usual pattern is for the vice president 
to be charged with the more operative and short range aspects of plant 
operation, whereas the president is concerned with the long range aspects 
of company operations. 


Secretary. The primary duty of the secretary is to transmit the poli¬ 
cies and recommendations of the board of directors to the'company. To 


2John Chamberlain. "Why it’s Harder and Harder to Get a Good Board." Fortune 
(November 1962), p. 112. 
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discharge this obligation the secretary attends all the meetings of the 
board of directors, keeps the minutes of the board's meetings, maintains 
the corporate books, and handles all the board’s correspondence. In addi¬ 
tion, the secretary is also charged with the responsibility of issuing and 
transferring all stock and securities for the company. 

In addition to these individuals whose functions are part of the total 
system, we should also view the main subsystems of a firm to see how they 
relate to the overall system. 

Treasurer. Every firm must have money to finance its operations. 
The finance function, or finance subsystem, is usually the responsibility 
of the treasurer of the company. Appointed by the board, the corporation 
treasurer is responsible to the president for all the financial activities, the 
financial subsystem, of a corporation. He is often a member of the board 
of directors. His primary concern is with the procurement and the proper 
use of the necessary capital to finance the production and distribution of 
the firm's product. Obviously, such responsibility demands a person of 
real business and financial ability. To assist him in his work, the treasurer 
often employs a credit manager, a cashier, a controller, and a manager of 
securities. 

In many concerns the jobs of secretary and treasurer are combined into 
one, the secretary-treasurer. 

Controller. The controller reports to the treasurer and is responsible 
for such activities (sub subsystems) as accounting, budgetary and cost con¬ 
trol, auditing, payroll, and financial analysis. To help him in these activi¬ 
ties, he has various assistants, such as cost accountants, auditors, a head 
accountant, and a budgetary director. 

Organic Functions. Most industrial enterprises are operated to make 
a profit. They attempt to achieve this object by supplying a product or 
service at a time, place, and price that will induce the consumer to buy. 
Every firm operating in this manner must make provisions for performing 
three basic functions: (1) it must have money to finance its operations, 
(2) it must produce, assemble, or in some manner acquire a good or service 
for the customer, and (3) it must distribute its product to the consumer. 
These universal functions or subsystems are found in every business, and 
are frequently referred to as finance, production, and distribution. Be¬ 
cause they are both universal and necessary, these functions are often 
called the organic functions of an enterprise. 

The finance function, as we previously indicated, is usually performed 
by the treasurer of the company. The duties and personnel involved in 
this* function have been previously discussed under the office of the 
treasurer. 

The production or manufacturing function incorporates all the activi- 
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b, ^r3K£dTSS, in™ .be basis to, man, manage- 
decisions and ihe maintenance and interpretation of these records 
for management is the primary duty of the account 3 " 1 • Jo ga*h«- Je 
necessary information, the accounting su^suhsystem. as a suff function 
works closely with the production foreman to gather labo costs, wherea 
costs of raw materials are secured through cooperation with the purchas- 

"^In addition to supplying records for internal management, accounting 
also constructs financial reports for individuals outside the corporation. 
Those typically interested in these reports are creditors, stockholders, and 
both the federal and state directors of internal revenue. 


Personnel. Personnel is a staff activity that is charged with the re¬ 
sponsibility of securing, training, and maintaining an adequate work 
force. On the plant level, personnel is usually responsible to the plant 
manager. In multiplant corporations, the director of personnel may be 
situated in the home office and report to a vice president. In this capacity 
he is responsible for the interpretation of the general personnel policies 
to the personnel managers in the various company plants. Thus from a 
corporate standpoint, he has functional control over the personnel man¬ 
agers in each of the company plants. The personnel managers, of course, 
are directly responsible to the plant managers. 

In some plants, the personnel function may encompass greater respon¬ 
sibilities than in other plants. In large plants, for example, the personnel 
function may include (in addition to employment and training) promo¬ 
tions, transfers, union relations, discharges, employee recreation, wage 
payment plans, health, safety, fringe benefits, financial aid to employees, 
and community relations. 

Inasmuch as the personnel subsystem deals with securing and main¬ 
taining a work force, it is very closely related to all activities of an enter¬ 
prise. To help him with his various duties, the personnel manager in a 
large firm may have an employment manager, a training supervisor, a 
safety director, a medical director, and a director of industrial relations. 

9 
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Purchasing. The purchasing subsystem, as a staff activity, is respon- 
«We for the procurement from outside vendors of all ntatenals. supphes 
carts and tobls needed in the operation of the enterprise^ The chtef of 
the'function is usually known as the purchasing agent, though in some 
companies he may be known as the director of purchasing, d-ector of 
procurement, or general purchasing agent. Purchasing is usually on the 
same organira,ion level as personnel and reports to the plant manager. 

in smaller concerns, it is no. unusual for one of the executive officers, 
say the vice president, to be charged with the purchasing function. In 
2 . capacity, he may be responsible not only for procuring materials, but 
also for their receipt, inspection, storage, and internal transportation. 

Purchasing works mainly with accounting and production in procuring 
and paying for materials. The additional duties of receiving, storage and 
transportation serve to place purchasing in daily working contact with all 
major operating phases of the business. 

Encineerinc. The engineering subsystem may take on several aspects: 
plant engineering, process engineering, product engineering, and indus- 
trial engineering. In some companies each of these activities reports to a 
head engineer who is responsible to the plan, manager. It is not uncom¬ 
mon, however, to find industrial engineering excluded from this group 
and reporting directly to the plant manager or the production super- 

The plant engineer is generally responsible for selecting, installing, and 
maintaining the physical facilities of the enterprise. 

The process engineer is charged with the responsibility of main.ainmg 
effective and economical manufacturing conditions and methods. The 
process engineer, for example, is charged with the responsibility of deter- 
mining optimum lighting conditions, effective manufacturing techniques, 

and so on. . . , 

The product engineer, on the other hand, is responsible for the prod- 

uct's meeting the customers’ needs. In many instances he designs the prod- 
uct. The product engineer also has control of the method of fabrication 
and may okay alternative methods of manufacture. For example, a draw¬ 
ing may call for a part to be made from a casting. The process engineer, 
however, may indicate that a part of equal quality can be fabricated much 
cheaper. The product engineer in this case has final control over which 
method will be used, whether the part will be fabricated or made from a 

casting. • i v 

The industrial engineer is responsible for developing economical work 

methods. His job includes devising better ways to perform manual work 
and includes the analysis and improvements of motions, tools, layout, ma¬ 
terials, and work procedures. The industrial engineer is variously known 
as the methods engineer, motion and time study engineer, methods ana¬ 
lyst, and methods and standards analyst. In addition to developing effec- 
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uve work methods, the industrial engineer also 

work an operator should perform tn a normal work day—that is, a 

work" Time studies are often used to determine the standard of 

output. 


Production Control. The production control subsystem is a staff 
function which usually reports to the plant manager. Its ma J°” eS P° nS ^ 
b ility is to coordinate all the factors of production so that a smooth flow 
of products will be produced with efficiency and dispatch. 

Production control acts as the brain and nervous system of the plant, 
coordinating the work of engineering, purchasing, production, and selling. 
In achieving this objective, production control plans what work has to be 
done when and where it should be done, and issues manufacturing orders 
to get the work accomplished. Production control also follows up these 
plans and where manufacturing is not proceeding according to plan, pro¬ 
duction control makes the necessary adjustments. Because of its broad 
coordinating responsibilities, production control is in close contact with 
just about every activity in the plant. 


Inspection. Inspection, as its name implies, is charged with determin¬ 
ing whether or not materials can meet prescribed specifications. This sub¬ 
system practically never reports to the production superintendent. Instead, 
the plant manager or his assistant is usually responsible for this activity. 
Inspection’s major contact is with the receiving department for the inspec¬ 
tion of incoming goods and with production for the inspection of manu¬ 
factured products. 


General Organization. The major activities and functions we have 
discussed are not typical of every organization. Some firms may combine 
the activities of one or more functions under one individual. Other firms, 
because of the nature of their operation, may not have need for some of 
the activities listed. A brewery, for example, may have little or no need 
for an industrial engineering department. Our discussion, therefore, was 
not confined to a specific organization, but rather was intended to dis¬ 
cuss some of the more common activities and functions generally found in 
manufacturing plants today. 


THE ORGANIZATION 
CHART 

The best instrument for clearly depicting the organization structure or 
system is an organization chart. No matter which type of organization or 
combination of types is present in a company, a good organization chart is 
necessary to set forth clearly the lines of authority and responsibility. An 
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organization chart is a picture of how the dynamic activities of the enter¬ 
prise are coordinated into a working unit. If properly constructed, it shows 
clearly each man's assignment and its relation to other jobs. The chan 
in this way helps avoid confusion and conflict which might result from 
an overlapping or haphazard arrangement of duties. An organization 
chart may point up inconsistencies in organization arrangement or job 
assignment and suggest ways of getting rid of them. In addition, the 
chart may bring to light an illogical grouping of activities or functions. 
Once recognized, such inconsistencies can be corrected. A chart often 
points up the omission of a particular function or activity, thereby 
enabling management to take appropriate corrective action. 

Companies keeping current up-to-date organization charts generally 
have the soundest organization plans. Constructing and keeping a chart, 
of course, does not in itself make for a good organization. The chart does, 
however, serve to keep managers aware of the company's structure and 
thus afford them the opportunity of making revisions and modifications 
when appropriate. Charts also serve as an aid in getting new employees 
acquainted with the company. 

Constructing a Chart. Constructing an organization chart is not 
difficult. Figure 2.2 shows the typical method of charting a line and staff 
organization. Once the general structure of the concern has been ascer¬ 
tained, the following suggestions on chart construction have been found 
helpful: 

1. The vertical arrangement of functions, departments, or persons should 
be according to the grade or position in the company hierarchy. 

2. A rectangle should be used to indicate a unit or a person on a chart. 
Use straight vertical and horizontal lines to show the flow of authority. 

3. Heavy black lines may be used to show the flow of line authority be¬ 
tween any two positions. 

4. Light lines may be used to show functional supervision. 

5. Broken lines may be used to show the sources of advice and service. 

6. Make the rectangles on the same level of equal size. 

7. Place all rectangles for positions on the same authority level on the 
same horizontal line. 

8. Normally, lines of authority enter each rectangle at the top center and 
leave at the bottom center. Lines of authority do not run through a 
rectangle. 

9. Rectangles for personnel are normally placed under the individual or 
unit which they serve but above line units in such a manner that they 
do not interrupt the lines of authority to line units. 

10. If the chart centers around a person or unit, make the rectangle repre¬ 
senting this person or unit the largest one on the chart. The rectangles 
above and below the key figure should be of a smaller size. Rectangles 
on each lower level may be one size smaller. 

11. On any individual chart, show at least one level above and two levels 
below the primary organization or person being charted. 



ORGANIZATION CM 
JUNCI.1M* 

























MANAGEMENT AS A TOTAL SYSTEM 


38 


THE ECONOMIC 
GALAXY 

Up to this point we have confined our thoughts to an operating entity 
such as a factory, retail store, or auditing firm. We viewed each of these 
as a system with the subsystems necessary for effective operation. 

In reality, of course, these firms exist within an industry and within 
an economy, each of which has a direct impact on the firm’s success. The 
effective manager, therefore, must take the broader view of the total sys¬ 
tem, which we will call the economic galaxy . Viewed in this expanded 
concept, the economic galaxy is made up of our total economic system 
with its subsystems of firms, governments, and the like. Looking at this 
from the point of view of the operating enterprise, we can define the enter¬ 
prise as a system, comprised of mutually dependent subsystems, which 
operates within the all-encompassing economic galaxy of our society. 

Within this economic galaxy exist many functions (or subsystems) 
which have a direct influence on the design and operation of the firm’s 
system. The governmental subsystem, for example, may specify certain 
conditions of manufacture such as those required by the pure food and 
drug laws, or it may specify certain marketing policies dealing with 
competition within which the firm must operate. This governmental sub¬ 
system, therefore, must be recognized and reckoned with in designing 
a firm’s internal environment and policies, its own subsystems. A labor 
union, likewise, might exist as another subsystem of the economic galaxy 
which would affect the design and operation of the firm’s system. 

This emphasis on galaxies, systems, subsystems, and so on, is not meant 
to be confusing; it attempts to clarify the complex real world situation 
which managers face in managing and operating a firm. They must have 
the breadth of view to see the firm as a small subsystem in the total cosmic 
economic galaxy with many other subsystems affecting its operation. At 
the same time the manager must be able to see his enterprise as a system 
made up of many subsystems with their inherent strengths and weaknesses. 
In other words, the most effective manager is the one who can view the 
firm in its true perspective as a small part of a total economy, as well as 
magnify the firm so that all its subfunctions stand out in bold relief for 
clear analysis. The manager is aided in this difficult job, of course, by vari¬ 
ous subsystems, such as control and communications subsystems of which 
the computer and other electronic equipment are vital parts. 

When we mentally grasp this complex setting in which business firms 
exist, we can begin to understand all the better the need for wisdom in 
decision making and the complex job that a manager has of creating an 
appropriate work environment for his firm. 
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STUDY QUESTIONS 


* I. What is a system? 

o Why do we need to understand a system to manage a bustness? 

3 Explain how the various subsystems of a firm relate to the whole system. 

4. Explain what is meant by the organic functions of an enterprise. List them. 

5. Distinguish between a process engineer and an industrial engineer. 

6. Is accounting an organic function? Explain. 

7. Who has more real (versus theoretical) power, the Board of Directors or the 
President of a company? Why? 

8. Why do we think of accounting as a sub-subsystem, but finance as a subsystem? 

9. What is the economic galaxy? Explain its relation to an operating firm. 

If)' Why is it important for a manager to understand the economic galaxy con- 
cept? 
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MANAGERIAL 
DECISION MAKING 



The story is told about how the first P. D. Armour, of 
Armour and Company, made some of his decisions. 1 rainees 
were assigned to a junior board of directors and from time 
to time important managerial decisions were presented to 
this board for its recommendation. On one occasion, so the 
story goes, the board after a lively discussion voted unan¬ 
imously to go ahead with the project under considera¬ 
tion. Mr. Armour who was chairing the group rapped the 
table and declared that the motion had failed and then 
promptly moved to the next order of business! While many 
would disapprove of Mr. Amour’s approach, he had made 
the decision; and inasmudi as he was the top manager, no 
argument ensued. 
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While most managerial decisions are not made in such J 

„„ making these decisions is management s number one job. Pre 
ma ? w ; , a lked g about the functions of a manager and his job of creating 
an environment conducive to work. Performing these functions and build- 
" Ihis c ii m ate is, in the final analysis, simply a series of decisions. The 
manager must decide on a place, an organization, an objective, a control 
rocedure an appropriate climate; he must decide whom to hire, whom 
m promote, whom to place in charge; he must decide on company goals, 
operating policies, and profit margins. In fact, when all is said and done, 
manage if Tre paid for doing only one thing: making sound decisions. 
Good^decision-making ability is the essence of good management and is 
rhp kev to a successful career in management. 

Despite its critical nature, making consistently wise decisions is a rare 
talent As a result, a greater amount of attention is being paid to the 
oroccss within the past ten years a great deal has been written on the 
subject All managers, both high and low, make decisions consiantly-in 
fact, they frequently are concerned with making several decisions at one 

“"how, one might ask. can a person learn to make good decisions? 

Some individuals, like Clarence B. Randall, former President and Chair¬ 
man of the Board of Inland Steel, have indicated that a man’s capacity 
for making decisions is determined at birth, and that no amount of sub¬ 
sequent training can develop it in him—can provide the capacity if it is 
not there originally. Others, like Herbert A. Simon, feel that saying good 
decision makers are born not made is like saying good athletes are born 
not made. We all recognize, of course, that to be either a good athlete or 
a good decision maker something must be present to begin with. An 
athlete must have certain physical capacities for athletic prowess, but 
just because he is a ••natural" athlete does not insure that he will run a 
mile in four or less minutes. By the same token, a "naturally” intelligent 
man may not excel as a superior decision maker, but with practice, learn¬ 
ing, and experience he can sharpen his decision-making ability into that 
of a top-flight manager. 


HOW DECISIONS 
ARE MADE 

If we were to ask various outstanding managers how they make decisions, 
the answers would probably run as follows: 

"I don’t know and I don't think any business man knows." 

"There are no rules. You just do it." 

"You feel it; you don't follow rules; you simply do it." 

"It is something that comes naturally to some individuals. We just do it." 
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Despite these disclaimers to knowing how they decide, managers do 
apparently follow a fairly set pattern, knowingly or otherwise, in their 
decision-making process. 

Etymologically, "to decide" means to cut short, to cut off; however 
we must frequently give it the connotation of reaching a conclusion, or of 
making up our minds. This, of course, implies deliberation and thought 
making it a conscious act. In contrast, when a "decision is a natural 
reaction or an unconscious act, it is not truly a decision but would more 
properly be labeled a habit or a reflex act. Thus we can say that de- 
cisions are the result of a conscious effort on our part to arrive at a con¬ 
clusion. They are not mere reflexes, reactions, or habit. 

In addition to being a conscious act, decision making involves a second 
ingredient: the selection of an alternative from a group of alternatives. 
In a particular situation if not more than one alternative presented itself, 
a decision as we have defined it would neither be possible nor required. 
If, for example, nothing can be done in a particular situation, then a 
decision as to what to do is not required. If, on the other hand, we had 
two courses of action open to us (to take action or to do nothing), then 
clearly a decision would be required. 

From the foregoing we can see that the decision-making process em¬ 
ployed by most managers is a conscious, intellectual activity involving 
judgment, evaluation, and selection from among several alternatives. And 
this process can usually be described by the following steps. 


STEPS IN 
DECISION MAKING 


For any of us to make a wise decision, we must engage in four distinct 
steps. First, we must recognize and be able to state the problem we face. 
Second, we must recognize one or more appropriate or possible solutions 
to our problem. Third, we must evaluate the probable impact or conse¬ 
quence of each of these alternatives on the situation at hand. And, finally , 
we must choose a course of action as indicated by one of these alternatives. 
These are the often enunciated, seemingly simple, four steps to wise deci¬ 
sion making. These steps, however, are quite elusive and difficult for the 
average individual to follow in attempting to reach a wise decision. The 
action which many of us take when we recognize a situation is to decide 
on a course of action (a decision) on the basis of emotion or hunch rather 
than logic, and then try to think of all the reasons why our decision is the 
"best." To be correct in our decision making, of course, we should enu¬ 
merate and examine all possible or feasible alternatives before making our 
choice. 
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Except in fortuitous circumstances, a decision is only as good as tht 
rocess used to reach the decision. It would seem wise, therefore, for a 
manager to be well grounded in the several steps of the decision-making 
orocefs in order for him to be in a position to make better, more effective 
decisions. In view of this, perhaps it would be wise for us to cons.de 
each of the above four steps in a little greater detail. 

Awareness OF the Problem. The manager becomes aware of some 
nroblem, a perplexity that must be resolved. Through observation and 
reflection he begins to define the problem to some degree, though .t may 
he vague at first. There may be a large number of symptoms that cloud 
the real issue. There may be a great many deviations that will serve to 
detract his attention. The problem, however, must be fathomed out of 
the milieu that the manager faces. This act is frequently aided by further 
analysis and reflection on the manager s part in order to more clearly 
delineate the problem and place it in sharper focus for positive ident.fi- 

cation. 


Identifying the Problem. In this step the manager must finally 
determine what the actual problem is. He is frequently confronted with 
a mass of data, with a series of seemingly unrelated facts. He may feel 
frustrated, disturbed, even dismayed, by the array of material. He finds 
himself in an uncertain situation, one perhaps comparable to a physician 
analyzing all the symptoms before identifying the cause of the illness. A 
business manager may, for example, recognize from his reports dealing 
with waste, employee absences, machine breakdowns, goods returned by 
customers, and the like that the plant is not operating properly. From 
these data, he must diagnose and state specifically what his problem is. 
It could be morale; it could be poor raw materials; in fact, it could be 
one or a combination of many individual items such as these. Diagnosing 
or identifying the problem is an essential for rational decision making. 
Not infrequently, however, a decision maker (and a physician diagnosing 
an illness is a decision maker) is led astray by identifying the symptoms 
as causes, and when he subsequently treats the symptoms he fails to elimi¬ 
nate the cause of the problem. Care must be taken, therefore, to make 
certain that the problem is recognized and identified—and not simply the 
symptoms. 

In trying to identify a problem, we may have to retrace our mental 
steps frequently because our first diagnosis may well be incorrect. The¬ 
oretically and on paper, we should start at the beginning of a situation 
and analyze the facts, recognizing their implications, in order to deter¬ 
mine the problem and its solution in light of company policy, goals, and 
the like. In actuality, however, problems do not usually present them¬ 
selves for such an easy solution. The manager may well start on one 
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course of analysis and find that halfway down the path of decision the 
true nature of the facts necessitates another exploration or retracing of his 
mental steps. Such a situation may clearly indicate the necessity of intro¬ 
ducing new parameters or modifying original objectives. Thus a problem 
once mentally framed and verbally stated is not sacrosanct. Managers 
should, on the contrary, consider and reconsider, state and restate the 
problem as new data and concepts appear. 

We can see from our discussion thus far that this first step in decision 
making is analytical. In this step, the decision maker must separate the 
relevant from the irrelevant, the material from the immaterial, the im¬ 
portant from the trivial. He must be careful in his analysis of facts not 
to prejudice a situation by seeing his conceptual bias as a "true fact," 
thereby providing a raison d'etre for the action he has already decided 
upon. In this step, clear thinking and open-mindedness must prevail. 
He must, as a result of this step, be able to state the problem in its sim¬ 
plest terms, such as "How can we increase sales of product X by 20 per¬ 
cent?" Once the real problem has been identified and thus stated, the 
decision maker increases his chances of solving it immeasurably. The old 
saying that a "problem defined is a problem half solved" is more than 
true in this situation. 

Analyzing the Problem. At times a problem may be so overwhelm¬ 
ing in its apparent magnitude that a manager may become almost over¬ 
awed. To avoid this situation as well as to simplify normally difficult 
problems, many managers break a problem down into its parts for easier 
diagnosis and solution. While there is no positive guide as to how to 
analyze a problem, one approach involves looking at and classifying the 
variables involved as to whether they are controllable by management 
or controllable by others; or whether they are noncontrollable and subject 
to chance variations. Such a classification may point out the issues more 
clearly. For example, in running a retail store a manager may decide what 
to buy and how much to buy—variables over which he has control. Sales 
of certain items, however, may be determined by governmental regulations 
and the market price system; or the weather, a chance variable, might 
determine the purchase of certain types of clothing. 

Another method of analysis might be to list the chronological aspects 
of the problem, indicating what needs to be done first, which aspects de¬ 
pend on others for solution. Or the facets of the problem could be classi¬ 
fied by the function or product involved. 

Whatever the approach, analyzing the problem and breaking it down 
into its component parts or subproblems frequently make the ultimate 
decision as to the proper solution an easier one. After the problem has 
been analyzed and clearly understood and defined, we are then ready to 
look at alternative ways in which the problem may be solved. 
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nc^BM.NE Possible Alternatives. This is a difficult step m de- 
• VirTmakine because in this step we should keep an open mind to all 
^"Tor logical solutions to the problem-not jus. those we wish to 
rZLr or those which would tend to shore up our own preconceived or 
“^solution It is at this point in this decision-making step that we must 
P imize the impact of previous solutions to similar problems and solu- 
tZESZL "«his is the way they do it at the XYZ Company" 
anproach. To be sure, there is nothing wrong with considering a com- 
Debtor's solutions or those used by your company in the past. The 
dune to be avoided, however, is relying on these previous solutions as your 
on ly g source of ideas. If you do, you are indeed headed for trouble. New 

and new alternatives are needed. .... 

In trying to generate new alternatives, some individuals have found 
it helpful to list all—even the most remote—alternatives they can think 
of on a piece of paper, without regard to feasibility, cost, and the like. 
Such action frequently triggers the mind, and conceiving of one idea pro¬ 
motes a second. And thus it goes. This, of course, is simply a device to 
help generate all of the possible alternatives before attempting to evalu- 


ale Some m decision makers employ other practices to help increase the prob¬ 
ability of formulating relevant alternatives. For example, a manager may 
recognize that alternative concepts arise from the mass of data at his 
personal disposal, and recognizing this he attempts to saturate himself 
with all possible information pertaining to the problem in the hopes of 
recognizing all possible alternatives. Still another practice used to help 
call forth alternatives is deep and prolonged concentration on the data 
followed by relaxation and changing to other activities. During this relax¬ 
ation period or when other work is being performed, the hidden half or 
subconscious mind can work on the problem and generate alternatives 
“unconsciously.” Such individuals frequently carry notebooks and keep 
note pads by their beds so that ideas thus developed can be noted for 
future reference. 

After a series of alternatives has been generated, employing these 
and other approaches, our next step in decision making consists of evalu¬ 
ating the consequences or impact of each proposed alternative. 


Evaluate the Impact of Alternatives. The decision maker now 
takes each alternative solution to the problem and mentally puts it into 
effect, “observing" or visualizing the impact of the alternative on all facets 
of the enterprise. In effect, the manager is here forecasting what will hap¬ 
pen if a certain alternative is put into operation. Of course, it is diffi¬ 
cult if not impossible for him to visualize everything which will happen 
in the future, so he may well elect to consider only those factors which 
he believes to be critical. In a particular business situation, for example, 
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a manager may only be concerned with such things as dollar sales, costs 
of goods sold, direct labor turnover, availability of capital, and govern¬ 
mental constraints. He will, under such circumstances, naturally tend to 
weigh the impact of an alternative on these factors to the exclusion of 
others. Obviously, this may be an unwise course of action if a key factor, 
such as his competitors reactions, may not have been considered. A man¬ 
ager must, therefore, use care in deciding which key factors should be 
considered in his decision making. 

Finally, in attempting to evaluate the impact of alternatives, a man¬ 
ager as decision maker must keep in mind the parameters within which 
the decision must be made. A company may, for example, be limited by 
the availability of capital. This fact must be kept in mind in consider¬ 
ing the alternatives. Company policies, likewise, should be kept in mind. 
Or it may be that the gestation period for a particular alternative is be¬ 
yond that available, and. therefore, despite the particular alternative's 
attractions to the decision maker it must be set aside because of the 
time factor. 

The generation of alternatives and the evaluation of their impact is 
a major part of all rational decision making. Its importance is difficult 
to overemphasize because the wisdom of a decision rests squarely on the 
skill and care used in evaluating each alternative. 

After a problem has been well defined, the alternatives generated, and 
their individual impacts evaluated, it would appear that the final choice 
of alternatives would be obvious. Choosing the final course of action, 
however, is not quite so simple. 

Choosing a Course of Action. We are now at the final state of de¬ 
cision making and it is here that the final “decision" is made. We “cut 
off" all alternatives except the one chosen. It is in this step, perhaps 
more than in any other, that the decision maker must make value judg¬ 
ments about things which cannot be easily quantified as well as those 
about which he is unsure. 

Many managers in this step rank the alternatives in such a way that 
desirability and probability are combined. If a manager would like to 
have a particular alternative put into effect and the probability of its 
desirable outcome is not great, he may well choose a second best alterna¬ 
tive but one whose probability of desirable results is very high. It is, in 
effect, a game of balancing desire against probability—he may wish to 
employ the most desirable alternative but is willing to take the next best 
alternative, one which, he estimates, will yield the most utility considering 
all facets inasmuch as it possesses the highest probability of happening. 
Stating this otherwise, we might say that the decision-making manager 
recognizes the probability of a certain set of results accruing from each 
alternative and his job in its final form is one of choosing an alternative 
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(with its probable set of results) which appears wisest, given the specific 

^XT^opIe think that making a final choice of alternatives would 
. : mD ie for a business executive: he would merely pick the alternative 
Which would yield the maximum profit. Unfortunately, this is not true, 
in rhe first place, determining where profit maximization should be held 
dominant is difficult. For example, would it be more desirable to maxi¬ 
mize profit or maximize employee morale? Maximize profit or minimize 
Lernmental intereference? Maximize profits or generate a position of 
dominance in the market? In each instance a manager may well say he 
is maximizing profits in the long run by improving employee morale, 
minimizing governmental interference, and generating a dominant market 
position. This statement, however, is impossible to prove for there is no 
readily available way to convert such factors into long-run profits. 

Many people, of course, question whether or not profit maximization 
should be a managerial objective. Under such an assumption, the choice 
of alternatives would assume an even more complex nature. 

Ultimately, of course, some individual or some group employing a 
particular set of criteria must make a choice from among the alternatives. 
It may be a product design engineer who approves or disapproves a change 
in product appearance; it may be a tax accountant who approves a merger; 
or it may be the top manager who, after listening to the advice of his 
staff, approves a new company policy. Someone, whether a specialist or 
not, must make the decision—the wisdom of which may well depend on 
his wealth of knowledge, his breadth of background, and his concerted 
effort to comprehend the many facets involved. 


TYPES 
OF DECISIONS 


While decisions cannot be neatly categorized as to a special type, we can 
note by observation that decisions tend to be either (1) those that are 
repetitive in nature and for which no new routine must be established, or 
(2) those that are new and novel for which no preconceived method for 
handling will apply. 

Simon calls these two types of decisions programmed and nonpro- 
grammed decisions. 1 In programmed decisions a problem (or one very 
similar) occurs frequently enough so that a fixed routine or program is 
established for solving it. For example, determining whether or not to pay 
an employee for a vacation day when he was absent on the day following 

l Herbert A. Simon. The New Science of Management Decision (New York: Harper 
and Brothers, I960), p. 5. 
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the vacation day (a violation of rules) might be a programmed decision. 
The employee s excuse, for example, might fall into a program or model 
that would give a “yes” answer—or the excuse might make for a negative 
answer if the decision is made following prior similar decisions. Discount- 
ing the price of merchandise because of quantity discounts might be an¬ 
other programmed decision because a procedure has been worked out 
to arrive at a uniform answer. 

Nonprogrammed decisions are new and differ from prior ones. They 
have to be solved de novo. There is no tried and true method of handling 
them. Westinghouse Electric Company's decision to stop manufacturing 
TV sets would be an example of a nonprogrammed decision. This had 
never happened before. It was not similar enough to any other "stop 
manufacture” decision to warrant its being handled in a routine fashion. 
And its implications and impact on various facets of merchandising and 
manufacture would complicate the decision beyond the point of being 
routine. Ford Motor Company's decision to introduce the Maverick model 
would be another example of a nonprogrammed decision. 


AIDS FOR 
MAKING DECISIONS 

Various managers use different techniques or vehicles to aid them in 1 
making programmed decisions. Habit is an obvious and powerful force 
in making programmed decisions—this is the way it has always been 
done. Close on the heels of habit fall those procedures which have been 
formalized, recorded and classified for reference. These are the standard 
operating procedures which aid managers in making a programmed deci¬ 
sion. Routine, habit, tradition, organization structure—these and many 
more may point the way for a routine or programmed decision. 

Techniques used in nonprogrammed decisions, however, are much 
more complex and are newer on the managerial scene. A mathematical 
model developed by a team of researchers, for example, could be used 
to aid in making a nonprogrammed decision. Note we said it could aid 
in making the decision—not make the decision. The manager must make 
the decision, but by employing the model he may gain a greater insight 
into the complex nature of the problem and the predictive value of the 
model would aid him at arriving at a decision. The model may be com¬ 
puter solved or man solved, and by using the model the manager might 
test the effects of changing certain variables, thus giving him more in¬ 
formation on which to base his decision. An example of this type of model 
is the breakeven chart which shows profit potential and is used in break¬ 
even analysis. This will be discussed later in the chapter. 
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In running a business and planning for profits, management must 
akp a great many decisions which have a direct bearing on the profit 
W the profit potential of the company. For example, management is 
nften faced with determining what the effect on profits would be if the 
D lant capacity were expanded, or sales were increased, or new products 
were added to the line, or new pieces of equipment were purchased. The 
difficulty management encounters in such instances is trying to visualize 
the effect such actions would have on profit and on the profit potential 
of the firm under varying levels of output. Suppose that management has 
the opportunity to secure a large order for their products if the price per 
unit is reduced. How far should it cut the price to get the contract and 
still make a profit? Or suppose the plant engineer proposes a change in 
assembly techniques which will reduce assembly time and therefore as¬ 
sembly costs, but which will call for closer tolerances and a change in 
raw materials to more expensive ones. Will the probable savings in assem¬ 
bly costs be justified? If demand increases for one of the products manu¬ 
factured by a plant, should management increase the output of this 
product and reduce the output of the other product? If so, to what level, 
and what would the profit be at various levels of production? If the sales 
manager foresees a significant increase in sales, should management pre¬ 
pare for this by purchasing new and improved equipment which will 
increase fixed costs but will require less labor? What effect would the 
purchase of a new piece of capital equipment have on profits if sales 
were increased 10 percent and prices decreased 5 percent? What would 
be the profit position of a firm with a 10 percent hourly wage increase 
and a decrease in fixed costs of $120,000? Mathematical methods, of course, 
could be developed to help management answer these and similar ques¬ 
tions, but breakeven analysis using breakeven charts can be used to deter¬ 
mine such cost-volume-profit relationships in a very much less complex 
manner. 


BREAKEVEN ANALYSIS 

In its most common form, breakeven analysis employs a graphic chart on 
whidi total cost and total revenue are plotted in relation to output and 
dollar sales. Total cost and total revenue are represented by two straight 
lines which cross at the breakeven point, with profit and loss indicated by 
the vertical distance between the cost and the revenue lines. Although the 
breakeven point may be calculated mathematically, it is usually presented 
in graphic form because it enables management to see more clearly the 
breakeven point and the possibilities for profits and losses which will 
accompany changes in costs and sales. By using these charts managers can 
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predict probable profits at various levels of output as well as make specific 
plans to effect profits through the control of expenses. 

The breakeven chart, because of its simplicity, enables management 
to grasp significant data almost at a glance. As a result, it is a good way 
to sum up the impact of alternative decisions on costs and profits. Thus, 
breakeven analysis is a tool used by management to aid in making de¬ 
cisions. Because it can be of real help to managers in solving problems, 
perhaps it would be wise for us to look more closely at some of the prin¬ 
ciples and applications concerned with this important management aid. 


THE BREAKEVEN 
POINT 

Basically, profits represent the difference between sales income and total 
expense. If at a given level of operation, revenue from sales exactly equals 
expense, then the firm is not making a profit but is breaking even. Know¬ 
ing the location of this breakeven point is important to management 
because it represents the point in plant capacity where a change will reflect 
either a profit or a loss. Despite its importance, many managers, surpris¬ 
ingly enough, do not know where the breakeven point for their firm is. 
Recognizing the breakeven point and understanding the factors respon¬ 
sible for its location place management in a stronger position to influence 
its location and, therefore, the profit of the firm. In terms of either plant 
capacity or sales, the breakeven point is most easily depicted by the break¬ 
even chart. 


BREAKEVEN CHART 

The breakeven chart is a graphic device used to determine the break¬ 
even point and profit potential under varying conditions of output and 
costs. Figure 3.1 illustrates the three basic sets of data used to construct 
such a chart. The vertical scale on the chart shows sales and costs in 
dollars while the bottom or horizontal scale may indicate output in terms 
of either percentage of capacity or units of output. Line A, indicating 
fixed expense, is drawn first. Line B, representing total expense, originates 
at the intersection of line A and the left scale, and is extended to some 
calculated point on the chart. Line C represents sales revenue and indi¬ 
cates income at varying levels of output. Where the sales revenue, line C, 
and the total expense, line B, intersect and are equal, the firm is not mak¬ 
ing a profit but is breaking even. This intersection is the breakeven 
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Figure 8.1. Components of a 
breakeven chart. 



point and may be expressed in terms of units of output, percentage of 
capacity, or sales revenue. For example, the breakeven point for a firm 
might be expressed as 200 units of output, 45 percent of plant capacity, 
or $200,000 in sales revenue. The space between lines B and C to the 
right of the breakeven point represents potential profit, whereas the space 
between these two lines to the left of the breakeven point represents poten¬ 
tial loss. Referring to the chart in Figure 3.2 we can see that at an output 
of 75 percent of capacity, income will be $90,000 and expenses will be 
$75,000, with a profit difference of $15,000. At the 75 percent level of 
output this profit potential is represented by the vertical distance between 
lines B and C. The value of this distance can be determined from the 
chart by reading from the vertical scale the difference between the dollar 
values of points X and Y, in this instance $15,000. At a 25 percent level 
of output we can see from the chart that income from sales would be 
$30,000 and total expenses would be $45,000, with an operating loss of 
$15,000 resulting. The company, of course, is breaking even with no profit 
or loss at an output of 50 percent of capacity. Thus, whenever a company 
shifts its output from the breakeven point, either a profit or a loss will 
result, depending upon the direction of the move. 
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Figure S 2 . Breakeren chart 
of a small plant 


CONSTRUCTING A 
BREAKEVEN CHART 


Cost data must be prepared and analyzed for varying levels of output 
to construct a breakeven chart Such information is usually available from 
the historical accounting records maintained in the accounting depart- 
mem. However, these costs may be estimated if they are not available 
from accounting. The conventional way that such data are presented on 
most financial statements is as follows: 


B. F. COMPANY 
Year ending December SI, 19— 


t e . .. $9,000,000 

CO,! ot Goods Sold . **£222 

Selling Expenses (commissions). 

General Expenses . | ,600,0W 

Total Expenses .••. yJ00 »° 

Net Profit from Operations . . 


$1,500,000 
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From these data the sales revenue, line C, is easily determined. Ob¬ 
viously the sales revenue line will originate at the zero point because if 
there are no sales, there is no income. Assume that the plant produced 
60 000 units of its product during the past year. The sales income of 
$ 9 , 000,000 at this level of operation is known from the financial state¬ 
ment of the B. E. Company. With this information, we can locate point 
R on the chart (Figure 3.3) directly above 60,000 units and to the right 
of $9,000,000 on the left scale. By thus establishing these two points, 
ihe zero point and point R, we can draw line C, the sales revenue line, on 
the chart by connecting these two points and extending the line to the 
right of point R. 

In order to determine lines A and B we must analyze the operating 
expenses of the company. Accounting terminology varies among different 
companies but, in general, most cost data can be classified as either varia¬ 
ble costs or fixed costs. Variable costs are those that vary directly with 
changes in the level of output. For example, direct labor and raw ma¬ 
terial are variable costs and fluctuate directly with the changes in the 
number of items produced. Fixed costs, on the other hand, are those 
costs that are expected to remain relatively constant regardless of the level 


DOLLARS 
(in million*) 


Figure 33. The effect of an 
increase in fixed costs is 
shown by the dotted lines. 



UNITS OF OUTPUT 
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of output. Supervisory costs, insurance expenses taxes, .merest expenses, 
and depreciation are examples of fixed costs. These are fairly r.g.d re- 
eardless of whether the firm is operating at 60 percent or 75 percent of 
output capacity. The expenses from the financial statement of the B. E. 
Company when broken down into fixed and variable expenses might read: 


Iiem 

Fixed expense 

Variable expense 

Direct labor 

Direct materials 

Depredation 

Insurance and taxes 
Commissions 

$1,000,000 

600.000 

$2,000,000 

3.000.000 


900,000 


Total 

$1,600,000 

$5,900,000 


With these data we can locate lines A and B. Inasmuch as fixed expenses 
do not vary at different levels of output, the figure of $1,600,000 is con¬ 
stant Line A representing this fixed cost is drawn parallel to the base, 
therefore, and intersects the vertical scale at $1,600,000. Line B represent¬ 
ing total cost can now be drawn. Total operating expense at zero level 
of output is equal to the total fixed expense since no variable cost will be 
involved. This is the point where the fixed-cost line A intersects the verti¬ 
cal scale at $1,600,000. The total-cost line always originates at the point 
where the fixed-cost line intersects the vertical axis. Since the plant pro¬ 
duced 60,000 units during the past year, total cost at 60,000 units is equal 
to the sum of fixed and variable costs or $7,500,000. The second point 
for the total-cost line B, therefore, is at the point directly above 60,000 
on the horizontal scale and opposite $7,500,000 on the vertical scale. 
This is point S on the chart. Drawing a line through these two points 
and extending it to the right of point S yields the' total-cost line. This 
completes the breakeven chart. 




USING THE BREAKEVEN 
CHART 

Once a breakeven chart has been constructed and the breakeven point 
determined, the chart can be used by management for various types of 
analyses. Perhaps the company is contemplating adding a new piece of 
expensive equipment which will produce a more uniform product but 
will increase taxes, depreciation, and other fixed expenses by $1,500,000. 
The problem is to determine what effect this will have on the profitable 
operation of the company and if such an addition appears wise. The 
dotted lines on Figure 3.3 illustrate the effect of this proposed purchase 
on the B. E. Company’s profit potential and breakeven point. 
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Note that the fixed cost was increased $1,500,000 making a new fixed 
nf S3 100 000. Dotted line A A represents the new fixed-cost line. 
With a shift in fixed cost, total cost also shifts upward by $1,500,000. 
Thus a new dotted total-cost line BB is drawn parallel to and $1,500,000 
bove the old total-cost line B. Under these new cost conditions the 
3 any will be breaking even instead of making a profit of $1,500,000 
.£ jt co ntinues to operate at 60,000 units of output. If we desire to main- 
1 in the same level of profit ($1,500,000). we must operate the plant at 
90 000 units of output with a sales revenue of $13,500,000. These figures 
(90,000 units and $13,500,000) are determined by moving to that point 
between lines BB and C where the vertical distance, and therefore the 
profit, is the same as the vertical distance between points R and S. Once 
this vertical position is located, the new sales and output figures can be 
determined by reading the vertical and horizontal scales opposite the point 
of intersection on the sales revenue line. Thus, if we wish to continue 
making a profit of $1,500,000 we must increase output from 60,000 units 
to 90,000 units, and sell this increased output for $13,500,000. This in¬ 
crease in sales and output, however, might prove to be difficult to achieve 
and therefore, before deciding whether or not to buy the new equipment, 
we should first consider the probable market conditions and the possi¬ 
bility of achieving and maintaining the new level of output and sales. 
If we do not believe this new level can be achieved, then wc would be 
foolish to purchase the new equipment because our profit position would 
be impaired if all other conditions remained the same. However, if the 
more uniform product produced by the proposed equipment would have 
greater customer appeal and would place the company in such a competi¬ 
tive advantage that we could easily increase sales to or above 90,000 units, 
then the purchase of the new machine seems feasible. 

Disregarding the proposed purchase of equipment discussed above, 
assume that labor demanded a 20 percent increase in wages. What effect 
would this have on the breakeven point and profit level of the company? 
Using the original cost data, we know that direct labor was $2,000,000. 
Thus, a 20 percent increase in direct labor would increase total costs by 
$400,000 at an output of 60,000 units. This wage increase, therefore, 
would cause total cost to change as indicated by BB in Figure 3.4. Note 
that the breakeven point would shift to 37,000 units of output and that 
profits at the 60,000 level output would shrink to $1,100,000. To main¬ 
tain profits at the old level of $1,500,000 we would have to operate the 
plant at 70,000 units of output and have a sales income of SI0,500.000. 

The effect on profit of new labor-saving equipment can be visualized 
easily by making the necessary changes in the fixed- and total-cost lines of 
our original problem. For example, assume that by purchasing new equip¬ 
ment, fixed expenses will be increased by 10 percent and labor will be 
reduced by 30 percent. The effect of this change is illustrated in Figure 
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DOLLARS 
(in mil bona) 



Figure 3.4. The effect of an 
increase in variable coat is 
shown by the dotted line. 


3.5 which indicates that the breakeven point will be reduced to approxi¬ 
mately 28,000 units and profits increased by $440,000 at the same level of 
output, 60,000 units. Thus, if all other conditions remain the same, it 
would appear wise for management to make such a change. 

By reading the normal profit and loss statement, we could very easily 
get the idea that a company makes a fixed percentage of profit at any level 
of sales. This is not so. The percentage of profit varies as sales vary. In 
fact, this truth is very clearly demonstrated by the profit path of the 
breakeven chart. By recognizing and using this information, management 
can plan for production at a level where profits will be proportionately 
greater. 

Although it is not difficult for management to determine the effects of 
cost changes on current operations, it is more difficult for management to 
visualize the effects of such changes on different levels of operations. This 
is where the breakeven chart is probably of most value because it gives 
management a definite assist in determining what the effects of proposed 
changes will be. It aids in planning for and producing profits. 

In addition to these uses, management can also use the breakeven 
chart for control purposes. In firms where neither budgetary nor cost 


/ 
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DOLLARS 


Figure S3, 
illustrating 
increase in 
decrease in 


(in millions) 



fixed cost and a 

variable cost. UNITS OF OUTPUT 


controls are in use, the cost curves of the breakeven chart may well be 
used as a standard or guide for indicating what the company's overall 
costs should be. For example, a company which exceeds projected sales 
by 20 percent may have no indication of what costs should be under these 
new sales conditions because they have had no previous experience to serve 
as a guide. The total cost curve of the breakeven chart would serve as a 
control under these conditions. Likewise, under a reduced sales condi¬ 
tion, the breakeven chart would indicate what costs should be if a satis¬ 
factory profit position is to be maintained. 

The breakeven chart can also be used effectively as a control device 
reflecting sales. On the original breakeven chart a bar can be drawn 
next to the vertical axis reflecting cumulative sales, thus indicating the 
relative position of sales with respect to the breakeven point in terms of 
revenue. Or the breakeven chart can be used to show the number of prod¬ 
ucts sold versus the total required to break even; or the number of units 
constructed versus the number required to break even. The chart, in 
other words, may be used to reflect units of output of almost any variety 
—houses completed, books sold, or automobiles painted—practically any¬ 
thing that management can use to an advantage. 
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Figure S.6. A variation of a 
typical breakeven chart em¬ 
phasizing fixed expenses. 


Sometimes we see breakeven charts constructed as shown in Figure 3.6. 
In this illustration you will note that the fixed expense line is above and 
parallel to the variable expense line. Note also that this line is labeled 
total expense inasmuch as it is made up of the fixed expenses and variable 
expenses. The major advantage to drawing a breakeven chart this way is 
to emphasize the impact that a change in fixed expenses would have on 
the breakeven point. Thus, if the operation under consideration was 
characterized by heavy fixed costs, such as the steel industry, this type 
of chart may be used in lieu of the more traditional one previously illus¬ 
trated. Both charts, of course, depict the same data and depending on 
your preference, either may be used. 

Another way in which the cost characteristics and breakeven point of 
a company can be illustrated is shown in Figure 3.7. The figures to con¬ 
struct this type of chart can be secured from the typical company’s oper¬ 
ating statement. If, however, the chart is constructed to show the cost 
characteristics of one of several products produced by a firm, then the 
figures would have to be developed by the accounting group for the par¬ 
ticular product. The advantage of this type of chart is that in addition 
to showing the breakeven point, it indicates the distribution of costs and 
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expenses at any given level of output; because of this additional informa¬ 
tion management may well be in a better position to make a sounder 
decision. 


RESTRICTIONS IN THE 
USE OF BREAKEVEN 
ANALYSIS 

The breakeven chart is intended primarily for relatively short-run analy¬ 
sis. It is not a tool for five- or ten-year projections, because of the difficulty 
of indicating variables in each of the costs lines on the chart. For example, 
in addition to a change in sales volume over the long run. a change may 
also occur in unit price and the profit position of a product. Reflecting 
these long-run changes on the breakeven chart is difficult. 

Another restriction that management should keep in mind in using 
a breakeven chart concerns the assumption that fixed costs remain con¬ 
stant and variable costs vary on a straight-line basis. Neither of these 
assumptions is literally correct over a long period of time. As we indi- 
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cated above, costs, sales volume, and profit pos.uons may well vary over 
he long run. Thus, it may be that a cost which .s cons.dered fixed wtth.n 
1 relevant volume range may well vary outs.de th.s range. For example^ 
the fixed charges assoaa.ed with a building would be constdered fixed 
o ,s up to the capacity of the building. Sales .n excess of the bu.ldmg, 
capacity would necessitate extra building fac.ht.es and the result.ng fixed 
coL aLciated w.th the factory building would obvously mcrease, or 
vary from the old level. Thus, fixed costs would not rema.n constant 
under these conditions. Likewise, variable costs rarely vary on an exact 
straight-line basis. Instead, variable costs may vary m steps even w.th.n 
the relevant volume range. This variation of var.able costs on a non¬ 
linear basis is particularly true outside the relevant volume range. As 
output increases, for example, certain economies may come into being 
because of the volume thereby reducing unit variable cost. The total cost 
curve under these conditions would tend to level off, or mcrease at a 
decreasing rate. The exact opposite, of course, may be true when output 
is decreased below the relevant volume range, thus making the total cost 


curve resemble an elongated ‘V* 

Management should remember, however, that within the relevant 
volume range the chart does reflect what costs should be like and how they 
should act. In this range, management can assume that economic con¬ 
ditions and operating costs are relatively stable and thus predictable as 
indicated on the chart. Outside this range, management must obviously 
make allowances and assumptions which may tend to decimate the relia¬ 
bility of the chart, thereby causing incorrect decisions to be made. What 
many companies do under these conditions is construct several breakeven 
charts, each reflecting a different set of assumed future conditions. 

Obviously the chart is no better than the data from which it is con¬ 
structed. Care, therefore, should be given to the collection and analysis 
of the data used. Some companies attempt to reflect the overall picture 
of all plant operations in one breakeven chart. This is not practical 
because the grouping of costs for various plants does not present a 
meaningful picture. Instead, breakeven charts should be constructed for 
individual plants and their operations. Likewise, one breakeven chart 
attempting to reflect a varying product mix would be meaningless. Of 
course, if only one or a few similar products are involved and the mix is 
relatively constant, then one chart can be used to reflect the conditions 
with some degree of reliability. If, however, a variation in product mix 
is assumed, then a separate chart should be prepared for each assumed 


variation with its associated cost. 


In most plants, breakeven analysis and breakeven charts can be useful 
tools of management. The breakeven chart is particularly effective in 
calling to management’s attention the fluctuations in profits at varying 
levels of output, and in helping management to visualize the probable 
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effect of changes in costs and prices on profit potentials. Needless to say, 
however, breakeven charts should be kept up to date, reflecting new 
Ranges in costs and prices, in order for them to be of real value to 

management. 


MATHEMATICAL 

SOLUTION 


Breakeven points may also be determined mathematically. If the cost- 
sales data are in terms of totals or aggregates rather than units, then the 
breakeven point can be determined by using the following formula: 


Breakeven point = 


Fixed costs 
j _ Variable costs 
Sales revenue 


For example, assume that a company is producing at an output of 10,000 
units with a sales revenue of $100,000. Also assume a variable cost of 
$50,000 and a fixed cost of $10,000. Substituting in the formula, we have 


Breakeven point = 


$ 10,000 

$50,000 

$ 100,000 


Breakeven point = $20,000 


Or in unit terms the breakeven point would be $20,000 -r $10 = 2,000 
units. 


If the data are in unit costs, then 
Unit price = $100,000 + 10.000 or $10 
Unit variable cost = $50,000 -r 10.000 or $5 
Contribution of each unit sold to fixed cost = $5 

Therefore, the fixed cost to be recovered ($10,000), divided by the unit 
contribution to fixed cost of each unit sold ($5) gives a breakeven point 
of 2,000 units. Or in terms of sales volume, the breakeven point would be 
2,000 units X $10 = $20,000. 

The mathematical solution for the breakeven point can also be em¬ 
ployed where multiple products are manufactured. Suppose that a com¬ 
pany makes three products whose sales and cost relationships are as 
follows: 


Product 


A 

B 


Plant ca 


parity 


Sales revenue Variable costs 


C 


5,000 

3.000 

2,000 


$25,000 

12.000 

8.000 


SI 5.000 
6.000 
2.000 
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Total revenue is $45,000 and with fixed costs of $7,000 our profit is 
$15 000 at an assumed plant capacity of 10,000 units. We can see from the 
above that Product A contributes $10,000 to cover fixed costs (selling price 
of $25,000 less variable costs of $15,000). Likewise, Products B and C con- 
tribute $6,000 each. These contributions can be expressed as a percentage 
of sales. For Product A. the percentage contribution is $10,000 -t- $25,000 
or 40 percent. By similar calculations we see the percentage contribution 
of Products B and C to be 50 percent and 75 percent. 

The sales revenue for each product expressed as a percentage of total 
revenue is: 

Product A $25,000 -r $45,000 = 55.5% 

Product B $12,000 -r $45,000 = 26.7% 

Product C $8,000 -r $45,000 = 17.8% 

If we multiply each of these percentages by the percentage of contribution 
made by each product (calculated above to be 40 percent for A. 50 percent 
for B, and 75 percent for C) we get: 

Product A 40% X 55.5% = 22.20% 

Product B 50% x 26.7% = 13.55% 

Product C 75% X 17.8% = 13.35% 

Total 48.90% 

This figure of 48.90 percent represents the contribution per dollar of 
sales for the products. It is the percent contribution for each sales dollar 
given the product mix of 5.000 units of Product A; 3,000 units of Product 
B; and 2,000 units of Product C. 

We can now determine our breakeven point by dividing total fixed 
costs by this percentage contribution. Thus: 

$7,000 

Breakeven point = 4gg% 

Breakeven point = $14,315 

We can prove this as follows: 

Product A sales of $25,000 x 40% = $10,000 
Product B sales of $12,000 x 50% = 6,000 
Product C sales of $8,000 x 75% = 6,000 


Total $22,000 

and $22,000 is 48.9 percent of total sales revenue of $45,000. 

By using this percentage contribution we can now determine the profit 
or loss potential at any level of output using the same proportion of prod¬ 
uct mix. For example, at a level of 60 percent of output we have: 
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Profit (or loss) = Total revenue - fixed costs — variable costs 

= ($45,000 x 60%) - $7,000 - 51.1%(Total revenue) 

= $27,000 - $7,000 - 51.1 %($27,000) 

= $27,000 - $7,000 - $13,797 
= $27,000 - $20,797 
= $6,203 

Note that variable costs are computed to be 51.1 percent of total revenue. 
We get this value of 51.1 percent by deducting 48.9 percent from 100 per¬ 
cent. Inasmuch as 48.9 percent was the contribution per sales dollar to 
cover fixed costs, then the remainder from each sales dollar or 51.1 percent 
is variable cost. 

We can prove our profit figure of $6,203 at a 60 percent level of output 
by taking 60 percent of the outputs of each product and multiplying this 
by the variable costs per unit. Thus: 


Product 

Output at 60% 

Plant capacity capacity 

V'ariable 
cost per unit 

Total 
var. cost 

o' 

A 

5.000 X 60% = 

3.000 

X 

S3 

= $9,000 

B 

3.000 x 60% = 

1.800 

X 

S2 

= $3,600 

C 

2.000 X 60% = 

1.200 

X 

SI 

= $1,200 


Total variable cost at 60% output 

= $13,800 


Plus fixed costs 



7.000 





Total cost 

= $20,800 


Profit = Total revenue — total costs 
Profit = $27,000 - $20,800 
Profit = $6,200 


The difference of $3 between the $6,203 figure calculated previously and 
the $6,200 figure above is due, of course, to rounding of decimal places. 


CUT-OVER POINT 

A type of breakeven analysis can also be used to establish cut-over points. 
It is not unusual, for example, that a certain quantity of a given product 
can be manufactured using any one of several different machines or 
processes. In such cases, management is faced with the question as to 
which is cheapest for a given quantity and at which point a change over 
to another machine should be made. Obviously, the point of change over 
would be where the manufacturing cost of the two processes being com¬ 
pared is equal. At this point of equal costs management would be "break¬ 
ing even" regardless of which process or machine is employed. Beyond 
this point, however, the unit costs for one machine would be less than 
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|_|_Figure 3.8. Relationihip be- 

q tween fabrication costs of 

QUANTITY two different machines. 

the unit costs for the second machine. This concept is illustrated graphi¬ 
cally in Figure 3.8. Thus, at quantity Q, the cost of fabricating the product 
on either the lathe or automatic screw machine is equal. Beyond this point, 
the cost of fabrication on the automatic screw machine is lower than the 
lathe. Below this quantity, the cost of manufacture on the lathe is cheaper. 
This breakeven point is easily determined by the following formula: 


Breakeven (or cut-over) point 


where 


FC| = fixed cost of machine or process number 1. 

FC 2 = fixed cost of machine or process number 2. 

VC, = variable cost per unit of machine or process number 1. 

VC 2 = variable cost per unit of machine or process number 2. 

To illustrate the use of this formula, assume that a part can be made on 
either of two machines. Machine #1 has a fixed cost (set-up cost and other 
charges) of $100, machine #2 has a fixed cost of $200. Variable cost of ma¬ 
chine #1 is $50, whereas on machine #2 variable cost is only $40 because 
less labor is involved. The cut-over point for these two machines is com¬ 
puted as follows: 


Cut-over point 


Cut-over point = 1^-^ 
Cut-over point = 10 units 
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This tells us that fabrication of ten units will cost the same for either 
rose* but for a quantity in excess of ten units, machine #2 will be 
P . . ’ This can be verified by assuming a larger order, say 20 units. 

Hsine machine #1, total cost would consist of $100 fixed cost plus $1,000 
variable cost, or a per-unit cost of $55. Using machine #2. we have a 
fixed cost of $200 plus a variable cost of $800, making a unit cost of $50. 

By using this same type of analysis, two or more processes or machines 
ran be compared by computing the cut-over point from machine #1 
to machine #2; machine #2 to machine #3; machine #1 to machine #3; 

and so on. 

MAKE OR BUY 
DECISIONS 


This same type of analysis can also be used when management must decide 
whether a part should be manufactured or purchased, and at what quan¬ 
tity manufacturing the part would be more economical than purchasing 
it. Figure 3.9 illustrates the problem and shows that beyond quantity Q 
it would be cheaper to make the part than to buy it. Below quantity Q it 
would be cheaper to purchase the part rather than to make it. 



make it QUANTITY 
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OPERATIONS RESEARCH 

Operations research is another tool of analysis used by management to aid 
in this all-important decision-making process. Although the title, oper¬ 
ations research, is relatively new, much of the methodology used is not 
new. Its newness, however, derives from the fact that it draws heavily' 
on dilferent disciplines, such as chemistry and mathematics, to explain the 
relationship that exists between factors that make up the operating enter¬ 
prise. 

Basically, operations research has to do with the application of scien¬ 
tific methodology and research technique to the study and analysis of 
either current or future operations problems. Thus, operations research 
aids in the scientific evaluation of alternative plans of managerial action. 
We should emphasize, however, that operations research procedures do 
not make decisions for management. Instead, operations research presents 
management with a careful, scientific, and quantitaitve analysis of prob¬ 
lems so that management will be in a better position to make sounder 
decisions. 

Operations research can be used to help solve a wide range of prob¬ 
lems. Some of the more common are: (1) problems dealing with wait¬ 
ing-time, the arrival of units or persons requiring service, (2) inventory 
problems where carrying costs are balanced against stock-out costs, pur¬ 
chase and set-up costs, and the like, (3) problems dealing with the allo¬ 
cation of materials or activities among limited facilities, (4) equipment 
replacement problems, and (5) problems dealing with production process¬ 
ing such as production control balance and material shipments. This is 
not to imply, however, that answers and decisions to all these problems 
will be given to management by operations research. To the contrary, 
operations research will not replace the manager as a decision maker. The 
ultimate and full responsibility for analyzing all factors and making de¬ 
cisions will still reside with the manager. 

In its broadest sense, operations research does not deal with the 
minutiae of everyday operations such as individual employee output and 
machine capacities. Instead, it is concerned with the overall aspect of 
business operations—with such things as the interrelationship between 
inventory, sales, production, and scheduling. It may deal with the over¬ 
all flow of goods and services from plants to consumers—considering sudi 
factors as distribution channels, distribution methods, and related items. 
In order to get this broad approach to business problems, a great deal of 
operations research work is performed by a team consisting of members 
from various professions. As you would guess, statistical procedures and 
probability theory play a definite role in this type of problem analysis. 
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A statistician, therefore, is often a member of the operations research 
team. In many cases, a psychologist can shed light on, say, consumer and 
employee reactions, and therefore, he, too, is a member of this team. For 
similar reasons, operations research teams often contain labor specialists, 
physicists, mathematicians, and the like. When thus brought together, 
these individuals with their varied backgrounds and abilities attack a 
business problem to determine and evaluate alternative solutions. Most 
often, the problem is reduced to a quantitative mathematical expression 
for easier evaluation. Several mathematical and statistical techniques, such 
as linear programming, waiting-line theory or queuing theory, and game 
theory are employed by these operations research teams to analyze prob¬ 
lems. 


THE FINAL DECISION 

Neither breakeven analysis nor operations research can make the final 
decision. They do, however, often suggest best alternatives based on quan¬ 
titative data. In the final analysis, a manager still has to set objectives and 
decide whether or not to follow the solutions suggested by these devices. 
By employing these and other techniques, however, a manager is often 
in a better position to make a sounder decision. He knows the costs of 
various alternatives and he knows the probable results if they are fol¬ 
lowed. 

One danger that management must guard against in using these tech¬ 
niques, however, is placing undue weight and reliance on mathematical 
procedures to solve business problems. Although the procedures used may 
be correct, the final answers are no better than the data and figures used 
in the problem. If the figures used were estimated, for example, then 
management should recognize this fact and take it into account when 
making the final decision. In addition, some decisive factors may be non- 
quantitative factors of real importance and because of this could not be 
included in the analysis. These and similar items should be recognized 
because, obviously, the accuracy of the answer is no greater than the 
accuracy of the data used to determine the answer. 

When used with understanding and due caution, however, these mod¬ 
em management techniques can prove of real value to management in 
helping it make wise decisions for profitable operations. 


STUDY QUESTIONS 


1. Explain the decision-making process. 

2. In your opinion, what types of decisions face a manager each day? How do 
these differ from monthly or annual ones? 
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S. What arc the typical steps that one goes through in making a decision? 

4. Can an intuitive decision be a good decision? Explain. 

5. Do a large number of alternatives make the decision-making process harder? 
Why? 

6. Explain the importance of identifying the problem in decision making. 

7. Why isn't breakeven analysis useful for long-run analysis? 

8. Explain the mathematical approach to arriving at a breakeven point. 

9. Illustrate the three ways in which breakeven charts may be drawn. 

10. How can the breakeven concept be used in make or buy decisions? 
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ELECTRONIC 


DATA 

PROCESSING 

AND 

DECISION MAKING 



With business as complex as it is today, one of the problems 
' facing most managers is that of gathering and analyzing data 
on which to base managerial decisions. Because of the lack 
of sufficient data, many managers make decisions based on 
"experience” or "sound business judgment.” These are 
nothing more than high sounding names for ‘'estimate," 
"hunch," and "intuition.” 

This is not to discredit this base for decision making. In 
fact, some managers have the ability to make better deci¬ 
sions based on intuition than other managers who attempt 
to base their decisions on fact. But in either instance, the 
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average manager is in a better position to make a sounder decision .f he 
is aware of and has analyzed the facts pertaimng to the s.tuauon. This 
is true because whether he is conscious of it or not, h.s analysis of facts 
will influence his "hunch." Most managers, however, recognize the im- 
portance of facts in making decisions but indicate that either the fact, 
often are not available or that if they waited for the facts to be gathered, 
the opportunity calling for the decision would have been lost. 

Because decision making is at the core of the managerial process, it 
would appear that some reasonable procedure would have been devised 
to make wise decisions a certainty. Unfortunately, this is not true. How- 
ever as we found in the previous chapter, management does have avail- 
able a system which will aid in arriving at sounder decisions. This, we 
said, was the orderly, scientific process of decision making. But sometimes 
this orderly, scientific process of decision making is not enough. 

As companies grow larger, their systems and subsystems frequently in¬ 
crease in both complexity and number. In fact, it is not uncommon for 
such organizations to reach a point where one individual cannot possibly 
remember, understand, and relate all pertinent data to the proper solu¬ 
tion of even everyday problems. Under such conditions it is not unusual 
for management to turn to the use of computers to aid them in their deci¬ 
sion making. And because of the computer's ability to remember, recall, 
and associate data, the use of a computer frequently brings about the 
unifying of all systems and subsystems into a composite and coordinated 
whole. 


ELECTRONIC 
DATA PROCESSING 

In recent years, the technological advance in data processing has been 
both dynamic and extensive, with the applications of data processing 
using computer systems almost limitless. In fact, with each new day we 
see demonstrated a new way in which the computer can be used to help 
management meet some new challenge, help solve some complex prob¬ 
lems. 

Electronic data processing is, as its name indicates, a way of processing 
data for information electronically. We may wish to multiply two num¬ 
bers, for example, and then divide the answer by a third number. These 
data (or numbers) could be processed (multiplied and divided) by a clerk, 
in which case we would be employing "human data processing." They 
could also be processed by mechanical means, such as desk calculators; 
or they could be processed by machines which employ electronic impulses 
to multiply and divide. These machines which employ electronic im- 
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,ikes rather than mechanical means to process data are called computers, 
{f we used these computers and other machines to do work for us, such as 
multiplying and dividing, we would be processing data electronically—or 
may say that we are employing electronic data processing. 

'Computers (often called electronic brains) are electronic slaves. They 
re extremely fast, with Control Data Cprporation's 6600 designed to 
do 3 million arithmetic and logical operations per second, and IBM’s 
Stretch capable of over 100 billion computations per day! At this rate, 
a computer would have the capacity to do in just a few hours what it 
would normally take 350 man-years to do. Other computers are slower 
and operate at the rate of 2,000 to 5,000 operations per second. At this 
rate the machine can turn out in half an hour the equivalent of what one 
man could do working eight hours per day, five days per week, for eight 
years. With one type system, called Tractor, computer input and output 
speed can reach one and one-half million characters per second and store 
up to 60 billion characters—the equivalent of a 150,000 volume library. 
In fact, the speeds of computers-are so fast they are now expressed as 
milliseconds, microseconds, and nanoseconds, where a millisecond equals 
.001 (one thousandth second), a microsecond equals .000001 (one millionth 
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second), and a nanosecond equals .000000001 (one billionth second). With 
this fantastic speed the limiting factor in the past has been a device that 
could print as fast as the machine could calculate. In the spring of 1963, 
however, Radiation, Inc., developed a printer that could produce as fast 
as a computer could think. Using electronic impulses to bum type on a 
sensitive sheet at the rate of 483 feet per minute, the printer is capable 
of printing the entire King James Version of the Bible in 70 seconds! 
Despite their speeds, however, computers are very dumb. In fact, they 
cannot perform a single operation unless we first tell them what to do. 
They have no judgment. For example, if a sign beside a door reads "Close 


windows before leaving room," you would probably do so upon leaving 
the room, provided you were the last person to leave. A computer upon 
"reading” the sign (receiving an order) would close the windows even 
though the room were full of people. Likewise, if the windows were not 
open when you left the room, the sign would not bother you because you 
realize that it does not apply when the windows are not open. But the 
poor computer on receiving the order stalls. It is completely "floored" try¬ 
ing to determine how to close windows that are already closed. 

Despite their "stupidity,” however, the property that makes computers 
more valuable to management is their ability to retain facts in memory 
as well as provide instant access to them. Early models were considered 


extremely progressive if they had storage capacity for 1,000 digits. Today, 
the typical machine routinely stores more than one million digits with 
some of the newer computers storing more than 20 billion digits, with 




Figure 4.1. A computer installation of a System 560. (Courtesy I DM Corp.) 


each digit of information available in slightly more than two millionths 
of a second. This tremendous capacity for storage of information and its 
concurrent speedy accessibility have produced in some quarters an infor¬ 
mation retrieval service. In Washington. D. C.. for example, an "electronic 
law library" can locate information stored on tapes and print out requests 
such as "the full text of each state's law pertaining to mental hospitals.” 
As one might expect, the same sort of thing is being done in medicine and 
other areas. 

Technologically, one of the most striking developments in computers 
has been the introduction of thin-film circuits. This new circuit has been 
even more impressive than the transistor which enabled the manufacturers 
to introduce the solid state computers with their smaller size and greater 
reliability and capacity. The new thin-film circuits can be classified as 
"microminiature" inasmuch as their critical dimensions are measured 
in one hundred millionths of a centimeter. The obvious impact of this 
is a tremendously compressed computer in both weight and size, with an 
increase in speed of the electronic circuits and a reduction in power re¬ 
quirements. 
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COMPUTER SYSTEMS 

0 

Although we frequently refer to a data processing system as a computer, 
it is in reality a series of units linked together to form a system. A typical 
system, for example, would consist of a unit to get information into the 
system (an input unit), one to process data (a processing unit), one. to— 
store data (a storage unit), and one to provide the information requested 
(an output unit). Of course systems vary with need and intended use. 
Various methods can be used, for example, to store data (such as mag¬ 
netic tape, drum and core) with the desired result determining the specific 
unit to install in the system thereby providing the type of storage required. 
With variations in the units composing the systems come variations in 
complexity, speed, cost, size, uses and, as you might surmise, labor and 
maintenance costs. 

Each data processing system is designed to perform certain types of 
operations. One, for example, may have multiplication built into its 
circuits. To perform multiplication the machine must have something to 
activate the process—to instruct the machine. Likewise it must have data 
available to multiply, and once the operation is performed it must have 
some place to put the answer. This simple operation, therefore, necessi¬ 
tates locating and “reading’* data in storage, performing the multiplica¬ 
tion, perhaps adjusting the answer, returning it to storage, and finally 
writing out the finished product. With more complex operations, the 
system increases in complexity. 

Basic systems, as indicated above, can be divided into four types of 
units: (1) a central processing unit, (2) a storage unit, (3) an input device 
and (4) an output device. 

The central processing unit performs simple operations such as mul¬ 
tiplication, division, addition, moving, shifting, comparing and storing 
data, as well as controlling, directing and coordinating the entire system. 

It controls the other units in the system, transfers data to and from storage, 
controls inputs and outputs and, in general, directs the system to perform 
the operations required by management. 

The storage unit can be thought of as the system’s filing cabinet. All 
data are stored here in a systematic way and are instantly available. 
The size and capacity, of course, determine how much can be stored. 

Infosmation may be stored either externally or inside the machine. 
Punch cards and magnetic tape are typical external storage sources. How¬ 
ever, because of their nature and external quality, these make accessi¬ 
bility to data slower than internal storage which has information instantly 
available. Obviously the type of storage (or memory system) used would 
be a basic determinant of the speed and capacity of a computer. Internal 
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memories may be of the drum or magnetic core type, with most new 
computers using the magnetic core since it is much faster. A magnetic 
core is essentially a collection of pinhead-sized, doughnut-shaped, magneti¬ 
cally sensitive, ceramic discs connected by wires. Thousands of these 
make up a logic system in a computer. Information is stored on these 
discs by having them positively or negatively charged. Thus, such com¬ 
puters are said to be ‘'binary’' in nature, meaning that all data stored are 
in the form of a positive or negative charge, or we could call it "one" 
and "zero.” It takes a certain number of these binary digits or bits to 
make a word or a decimal. For example, the word "and” might be desig¬ 
nated by positively charging the 2nd, 10th, and 28th cores. 

Input devices read or sense data that is recorded and make it available 
to the processing unit. Data may be entered into the system through this 
input unit through the medium of punched cards, paper tape, magnetic 
tape, and paper documents containing line drawings and characters. 

The output devices record and write out information. This may be in 
the form of cards, tape, printed word, or electronic signals. 

For business and engineering applications, the digital computers are 
most frequently used. A digital computer is one that operates by per¬ 
forming the arithmetical processes of addition, subtraction, division and 
multiplication. Thus the typical business function of the digital com¬ 
puter is to take information, perform some arithmetic operation or cal¬ 
culation, and print out or produce the result in some humanly readable 
form. 


COMPUTER DEVELOPMENT 

The development of computers as we know them today has been a prod¬ 
uct of the twentieth century with the biggest improvements coming within 
the past two decades. They have grown in number until now there are 
over 60,000 systems in operation representing over $20 billion of capital 
investment. By 1975 we will have about 85,000 systems in operation at a 
capital investment of over $31.5 billion. 

The first large scale computer, called the ENIAC, was developed at the 
University of Pennsylvania and used vacuum tubes like those found in 
older radios and TV sets. These tubes took over the work normally 
handled by relays, thus moving from an electro mechanical to a fully 
electronic calculation, and at the same time increased the speed of calcula¬ 
tions to over 1,000 times what it was before. With the increase in speed 
came a new development—the capacity to store a program instead of 
interchanging control panels for each new instruction. In 1948 the first 
computer was built to incorporate an internal storage system, thus giving 
it immediate access to instructions as rapidly as needed. At about the same 
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time came the development of putting data into the computer from 
telephone, microwave, shortwave radio and telegraph channels. 

The early 1950s witnessed the introduction of computer systems to 
take over highly repetitive, large-scale clerical operations normally found 
in growing business firms. This called for the process,ng of a large num- 
her of items by performing a relatively few stmple clencal chores-vtr- 
tually the opposite of the type of scientific work prevtously performed 
on computers where a relatively small number of items was subjected to 
an intensified processing. At about the same time it was found that data 
could be stored and put into the computer through the use of magneuc 
tape increasing speed by over 75 times. Almost concurrently the magnetic 
core and magnetic drum storage systems were developed, maktng it pos- 
sible for the machine to locate and use information in a few millionths of 
a second. 

By the mid-1950s data processing included a technique of direct (no 
search) access storage thereby further reducing operation time. By this 
time also the technology of solid state physics allowed the substitute of 
semiconductor diodes in place of vacuum tubes, and later the small tran¬ 
sistor was introduced. In fact, sometimes we hear of the introduction of 
the transistor referred to as the "second generation" of computers. Today, 
the latest step in this direction has provided us with a "third generation" 
of computers using a concept known as solid logic technology—an even 
further subminiaturization of an already miniaturized component. These 
new silicon particles, used as transistors and diodes in these "third gen- 



Figure 43. A modern transistor logic circuit such as this makes it possible to build more 
computing power into a smaller space. (Courtesy IBM Corp.) 
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erarion” systems, are about four times the diameter of a human hair and 
take up approximately .025 square inches of space! Tomorrow’s com¬ 
puter systems will probably employ microwaves and other concepts to 
give management a faster, more efficient machine to aid it in the decision¬ 
making process. 

/ /* / 

/ // / . APPLICATIONS 

OF COMPUTER SYSTEMS 

practically every American who writes checks and pays taxes has already 
become aware of the computer. His paychecks are frequently computed 
and printed by a computer; his computerized utility bills, income tax 
reminders, premium notices and bank statements are mute testimony to 
the inroads electronic computers have made on our daily living. It seems 
that in a short span of approximately ten years computers have become 
one of the essential tools for industry. But these machines have been de¬ 
veloped and used by management for three reasons: (1) they enable 
management to increase the quality and quantity of output of many 
clerical operations, (2) they either make or aid in making decisions and 
(3) they demand ?nd encourage both care and intelligence in providing 
a total systems approach to planning and operating an organization. 
Perhaps if we looked at a few examples of computer applications we 
would more clearly realize the vast impact which computers have already 
had on management’s way of doing things. 

The application of computers to the clerical operations in banks 
affords us a familiar example of computer use. Imagine the fantastic 
amount of clerical work involved in reading, sorting, posting, and routing 
the over 10 billion checks that circulate in the United States each year, 
with each check being handled a minimum of six times before it is finally 
returned to the maker. Now, however, each check is printed with mag¬ 
netic ink to show the depositor’s account number, the bank number, and 
any other needed information. Checks are handled only once and that is 
to record the amount of the check on it in magnetic ink. Computers per¬ 
form all the other routines of sorting, computing totals, adding (if it is 
a deposit slip) or deducting the totals from the account total held in stor¬ 
age, and so on. In this way, computers are handling over 600,000 bank 
transactions in six hours, a job which formerly took 700 men an entire 

day. 

Military managers use computers to solve problems pertaining to detec¬ 
tion of enemy vessels, to watch unknown satellites, to guide deep space 
probes, and to play war games. By keeping a daily account of military 
gear scattered about the world, computers have cut military procurement 
by $2.5 billion annually. 

Industrial managers use them to run the production lines in plants, 
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Figure 4.4. A new third generation circuit lying on a dime illustrates subminiaturiia- 
tion. 

and companies such as Texaco, Louisiana Power & Light, and Republic 
Steel are moving toward automation at all levels. In January 1960 B. F. 
Goodrich Chemical Company started operating its Calvert, Kentucky, 
plant under computer guidance. Monsanto’s Luling, Louisiana, nitrogen 
fertilizer plant was the first completely computer-controlled, closed-loop, 
in-line, full-scale chemical processing facility in the United States. 1 In 
effect, both plants will run themselves without human aid; however, an 
engineer and a crew are on duty for routine maintenance and can take 
over operations in case of an emergency. In installations such as these, 
the computer makes a continuous analysis of the process, compensating 
for changes as quickly as they occur. It does this through its vast com¬ 
munication network to hundreds or thousands of critical places in the 
manufacturing process. By thus gathering information from multiple 
points in the process, the computer is able to analyze the data and deter¬ 
mine with phenomenal speed how the process is going. If changes or 
adjustments have to be made the computer calculates what is required 
and sends information to the problem spot which causes controls to ac¬ 
tuate, thereby making the necessary adjustments. This direct tie-in of the 
computer with the equipment is known as an "in-line" (or "on-line ) 
installation. 

At the Johnson 8c Johnson warehouse in New Brunswick, N. J., tons of 
material flow out to loading docks with only one man in attendance at 


1 Monsanto Annual Review (1959), p. 2. 
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the computer console. At Inland Steel’s India Harbor Works a corn- 

outer directs and controls a blast furnace. 

V Computers are also being used in cities to help control the orderly 
flow of traffic. Toronto, Canada, for example, approved a $3.5 million 
budget to bring its 500 most strategic traffic signals under computer 
control in 1965. In Los Angeles, computer-controlled traffic signals have 
been in operation since 1961 and officials estimate that they have in¬ 
creased efficiency of the streets by approximately 25 percent, the equiva¬ 
lent of adding 4,000 lane miles of highway at a cost of over $250 million, 
not including right-of-way costs. 2 3 Somewhat along this line, Ford Motor 
Company has experimented with a special-purpose computer to improve 
the safety of night driving. If a car approaches another at too great a 
speed, a photoelectric cell detects this and the computer automatically 
flashes the brake lights of the lead car to warn the driver of the approach¬ 
ing car. 8 

In 1962, J. P. Stevens & Company. Inc., one of the textile giants in the 
U. S., began using an electronic computer to take a customer’s order for 
cloth, make out the invoice for shipment, write the bill of lading, and 
then subtract the amount shipped from the total cloth on hand to thereby 
provide an accurate inventory. The computer used by Stevens is the center 
of a teleprocessing network connecting about twenty plants and adminis¬ 
trative offices of the Company. 4 

In the retailing field, Spiegel. Inc., third largest of the mail order 
giants, uses computers to fill mail orders. By computerizing a customer's 
mail order, the Vice President of Spiegel estimated an annual cost re¬ 
duction of 25 percent, a reduction in order processing time of 50 percent, 
and as a result of these the company saved the equivalent space of two 
extra floors on its new twelve-story warehouse. 6 

Management is also using computers in the design field to help in 
deciding on final designs. In the auto industry, for example, Ford Motor 
Company is using a computer to evaluate new chassis and suspension 
designs. Formerly this was done on a step-by-step basis by engineers as¬ 
suming stable road conditions. Such an analysis frequently took one to 
three weeks, and when a new ‘'condition’' was assumed the computations 
had to be repeated. This was, obviously, a long involved process. With 
the computer, however, Ford has reduced the time to evaluate a new 
design to less than a day with over a hundred variables being considered. 6 

In 1961, the Philadelphia Electric Company turned over its entire job 

2 "Computers to Direct Traffic," Rusiness Week (February 3. 1962), p. 50. 

' 3 Ibid., p. 52. 

4 "Computer to Speed Stevens Operations." Greensboro Daily News (February 11, 
1962), p. 4. 

5 "Mail Order House Spends $33 Million To Save Money," Rusiness Week (January 
27, 1962), pp. 56-57. 

3 "Ford Using Computer to Analyze Designs." Rusiness Week (January 20. 1962), 

p. 62. 
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of directing operations of thirty-four generating units to a single digital 
computer. The computer, essentially, must divide the company's power 
load economically among all its generating units and interconnections 
with power grids. Company engineers estimate the automatic dispatch 
system costing nearly one million dollars, saves approximately } 140,000 
annually. 7 

In the airline industry, management is using computers to make cus¬ 
tomer seat reservations almost instantly. By using computers, for example, 
one company can give a flight reservation in three seconds from a two- 
million seat inventory to a customer in any one of the company’s fifty-six 
cities. 8 * 

Railroads, too. use computers. In addition to the financial and account¬ 
ing work, computers are employed by railway managers to trace cars so 
as to tell a customer in a reasonable length of time exactly where a con¬ 
signment of goods is at any specific moment. The Louisville & Nashville 
Railroad can thus advise a customer of where a particular car is in a 
matter of minutes.® 

Computers can be used in production control. By coordinating pro¬ 
duction orders, operations lists, machine load schedules, and inventories, 
for example, they can compute manufacturing schedules that can be 
quickly and easily applied. They can calculate and verify bills more 
quickly than clerical workers and can analyze these figures to give man¬ 
agement current sales information upon which to base decisions. 

Springs Cotton Mills is using a computer to calculate and write pay¬ 
roll checks for over 12,000 employees, control inventory, control parts, 
and turn out various top management reports 24 hours after closing. The 
preparation of some of these reports formerly took several weeks. A west¬ 
ern motor freight common carrier utilizes electronic data processing to 
schedule truck shipments so as to utilize equipment to the maximum, 
to provide dependable and faster service to the customer, and to speed 
up the processing of paper work. John Hancock Mutual Life Insurance 
Company uses computers to bill premiums to their policyholders. 

Finally, management is using computers to aid in forecasting and plan¬ 
ning. Motorola, for example, claims that employing a computer cut the 
uncertainty of their product forecast. Armour 8c Company uses it to help 
produce a six-month forecast of monthly cattle slaughter. Armour's fore¬ 
casting errors have been reduced 50 percent using the computer. 10 

7 "Philadelphia Electric Puts Digital Computer in Charge of 34 Operating Units,” 
Business Week (September 16. 1961). 

8 W. H. Johnson, Jr., "Flight Reservations in Three Seconds,” Systems Magazine 
(September-October 1959), p. II. 

®Jack Small, "Electronic Car Tracing." Systems Magazine (September-October 
1959), p. 34. 

"Computers Take to Prophecy," Business Week (June 1, 1963), pp. 47-48. 
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The above illustrations of computer uses by management are by no 
s exhaustive, but are given simply to show the diversity and extent of 
m m puter applications. In addition to these uses, however, management 
develop an almost endless variety of reports by simply putting every¬ 
day operating data such as cost, volume, and sales into the memory of a 
omputer. These reports may form the basis for management decisions 
Regarding price, quantity to manufacture, allocations of personnel and 
materials, and the like. In similar fashion, electronic data processing can 
be used for cost analysis, budgetary control, inventory control, engineering 
improvements, and routine calculations such as payroll computations. 
Because they have the capacity to do all these things and because of 
their fantastic speed and accuracy, electronic data computers are revolu¬ 
tionizing modem clerical work and lending a real assist to management in 
its attempt to operate enterprises at a more efficient and more profitable 

level. 

When we look to the future we see unmistakably clear signs of an 
even greater acceleration toward computer use in on-line, real-time infor¬ 
mation systems. As indicated above, a computer that is on-line (or in-line) 
is one where the computer is immediately accessible to receive input. 
There is no waiting time. This type of installation is necessary in con¬ 
trolling production processes. Real time refers to the speed with which 
the computer can respond to an input. With the original computers, 
data was processed in a batch and one had to "wait his turn” to get the 
data into the computer. Today’s equipment, however, is so fast and can 
store and manipulate so much information so quickly that it can respond 
immediately. In fact, it can "carry on a conversation" with dozens of 
users with no apparent delay—solving problems or processing data in 
time for effective action to be taken. This capacity of computers, known 
as time sharing, has enabled many firms who could not otherwise afford 
it to use a computer. Through time sharing several small companies can 
pool their resources to purchase a computer. By placing the computer 
in a central location, with a console in each company, the managers of 
each company have on-line, real-time access to the computer. Or in many 
instances, commercial enterprises are being opened which for a fee give 
a firm access to a computer. 

With on-line, real-time installations where management can commu¬ 
nicate with the computer quickly and easily, computer systems are used 
to identify possible problems, suggest alternative courses of action, and 
analyze and evaluate these alternatives. It is moving managerial decision 
making from the old realm of intuition and guesswork to that of making 
current decisions based on current data. Also, in some instances com¬ 
puters are minimizing or virtually eliminating managerial action because 
of their speed and on-line, real-time characteristics. 
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WHEN TO ADD 
A COMPUTER 

/ 

Adding a computer or contracting for computer services is like any other 
managerial decision. When a manager is contemplating whether or not 
to add a new item to his product line, he assesses the impact it will have 
on marketing, inventory costs, cash flow, personnel requirements, capital 
requirements, startup costs, training requirements, and probable return 
on investment. 

In like manner, the decision to add data processing should be one 
arising out of a careful analysis and evaluation of its impact and poten¬ 
tial. Note we said potential because a computer has the capacity to extend 
management's capacity to control other resources along with its other 
uses. As we can readily see. computers have applications in inventory 
control, production planning, preventive maintenance, and so on. Com¬ 
puters can automatically determine when materials need to be bought, 
the economic quantity to purchase, and issue the purchase order. And 
management must recognize and evaluate these new services and poten¬ 
tials in making the final decision about the acquisition of data processing 
services. In doing so, management should determine the way or ways in 
which the computer will be used, its objective, what management pur¬ 
poses are to be served, what processing or operational purposes are to be 
served, how broad the service will be, and the future uses to which it will 
be put. 

In addition, the impact of computers on second echelon management 
must be considered. With the speed available in reporting, many second- 
line executives, such as vice-presidents, are being bypassed, with informa¬ 
tion going straight to the top man for decisions. Thus their jobs and 
authority are being undermined by the advent of the computer. Similarly, 
many middle management jobs are being affected. For example, work and 
decisions formerly made by middle management are now being done by 
computers thereby diminishing the importance of these managers. In the 
past these jobs were recognized as being largely routine, but they did 
provide a training ground for future top managers. Both of these aspects 
may well call for a new form of organization structure and employee 
training. 

Armed with these and similar data, management is in a better position 
to arrive at a sound decision regarding the addition of a computer. For¬ 
tunately, however, management does not have to decide between the two 
extremes of either (1) complete computer applications, or (2) no com¬ 
puter at all. Instead, management can test and move slowly. Computer 
time, as we have said, can be rented from computer service centers to try 
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out the operation. Or the company may have a computer installed on a 
rental basis to experiment with it. In addition, a simple, not highly com¬ 
plex unit may be tried initially before moving to the larger and more 
complex computer, thereby allowing mastery and knowledge of the 
simpler ones. Automation, in other words, can be made by degrees and 
not necessarily with one great do-or-die plunge. Such an approach means 
that many of the personnel and other problems can be solved in a slower, 
more experimental, and more satisfactory way. 

Despite the problems that computers can generate, however, they have 
been found to have a salutary effect on practically every phase of an oper¬ 
ating enterprise. Because of their fantastic ability to digest facts and print 
reports, management frequently gets a new overall or systems view of the 
operation of the enterprise and not an analysis of a few of the subsystems 
only. This may well result in better organization, better coordination, 
wiser decisions, better follow-up and follow-through, and a more effec¬ 
tive, intelligent, and systematic administration of the going concern. 


STUDY QUESTIONS 

1. What do you see as the computer s major contribution to a firm? 

2. Define: on line; real time. Under which conditions are these needed? 

3. What impact would a computer installation have on the various facets of a 
highly clerical operation, such as the home office of an insurance firm? 

4. Distinguish between a second and third generation computer. What are the 
advantages of the newer ones? 

5. What types of decisions can computers make that managers no longer have to 
make? 

6. How do computers aid in making decisions? What problems do they present? 

7. If your school has a computer installation, investigate it and be prepared to 

report on it in class. r v 

8. Briefly summarize the development of computers. * 

9. Identify and indicate the use of the components of a computer system. 

10. How should management proceed to determine whether or not to install a 
computer? 
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ORGANIZING 

THE 

SYSTEM 



Today we increasingly find organizing and organization 
structure being considered from the systems point of view, 
and as you will recall, all of Chapter 2 was devoted to ex¬ 
plaining the systems concept.Qt is the purpose of this chap¬ 
ter to see how the total operating system is organized. ; 
f Rather than view a going concern as one consisting of a 
certain number of departments, so many employees, and a 
given number of supervisors all ranked in some authorita¬ 


tive hierarchy, we shall view it instead as a system which 
i ntegrates (1) the men and their behavior, (2 ) the materia^ 
and its mov ement a nd (3) the information and its How chan¬ 
nels into a unified set or system. Today this systems concept 
is even more necessary if managers are to utilize the newer 
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techniques involving quantitative methods, information science, linear 
programming, and computers, because these techniques are most effective 
only when the entire organization is incorporated for their application 
into an eclectic whole. Looking at an organization in its entirety instead 
of its individual parts is not as easy as the traditional approach where 
each part and function is specified and linked into an understandable 
model. This systems approach, however, is necessary if we wish to incor¬ 
porate current managerial technologies. This is not to imply that man¬ 
agers in their organizing endeavors only organize in the context of a 
total system—that they organize everything simultaneously. They do 
not. What we are saying instead is that while pieces or parts of a going 
concern may be changed organizationally, they should only be changed 
when considered as a part of the total system with the individual inputs 
and outputs recognized and related to the system's effective operation. 

When managers organize or reorganize parts of their firm’s system, they 
must of necessity keep in mind their goals or objectives because these are 
the determinants of how the system is organized initially. Likewise, as 
goals and objectives change (and they do in our dynamic economy) so 
must the organized system change in order to effectively meet these goals. 


NEED FOR ORGANIZATION 

It is frequently difficult to emphasize adequately the need for good orga- 
nizational structure because many of us incorrectly assume that every 
social unit and every firm is well organized. This is true because most of 
our wants are satisfied through cooperative and organized work with 
others. Essentially most of our lives are spent working with organiza¬ 
tions such as our families, clubs, churches, governments, or the business 
enterprises where we earn our livelihood. We satisfy most of our desires 
working through these and similar organizations. In fact, for many of us 
organization represents the only practical means we have for overcoming 
our individual limitations. Good organization enables us to achieve ends 
that could not have been obtained as efficiently or as effectively through 
our individual efforts. 

^Organization is not an end in itself, but a means to an end. Through 
organized effort we accomplish things. The act of two boys pushing a 
car out of the mud affords a practical example of a simple organization 
designed to accomplish an objective, in this case, dislocating a car stuck 
in the mud.^ ' 

Kenneth C. Towe, when President of American Cyanamid Company, 
indicated that a sound form of organization is the answer to every busi¬ 
ness problem; that a poor organization could run a good product into the 
ground; and that a good organization with a poor product could run a 
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, nroduct out of the market. While this may be an overstatement of 
f^im^unce of organising, it does emphasise the important role tt 

vast holdings to the United States 
/^Corporation in 1901, he sold not only h.s physical assets but the 
■ ? Lhle asset that kept his empire effectively operating—his organisa¬ 
tion What he thought about his organization and the value he placed on 
tood'organization is indicated by his statement: "Take away all pur 
money <^r great works, ore mines and coke ovens but leave our organisa¬ 
tion and in a few years I shall have reestablished myself. 

The recognition of the value of organization and the study of 
cepted organization procedures is not new. Moses, the great Law Giver, 
came close to killing himself through overwork because he did not under- 
stand the principles of organization. The story appears in Exodus: 

And it came to pass on the morrow, that Moses sat to judge the people: 

and the people stood by Moses from the morning unto the evening. 

And when Moses* father-in-law (Jediro) saw all that he did to the people. 

he said. . . . "The thing that thou doest is not good.” 

•Thou wilt surely wear away, both thou, and this people that is with thee: 

for this thing is too heavy for thee; thou art not able to perform it thyself 

Hearken now unto my voice. I will give thee counsel . . (Exod. 18:15.) 

Jethro's counsel was that Moses should appoint able and honest as¬ 
sistants to be "rulers of thousands, rulers of hundreds, rulers of fifties, and 
rulers of tens." These would be the people s judges hearing "every small 
matter," letting only "every great matter” come up to Moses himself. 
••So," said Jethro, "shall it be easier for thyself, and they shall bear the 

burden with thee." . ...... 

Moses . . . "hearkened to the voice of his father-in-law, and did all 

that he had said." He organized. . 

There is no substitute for good organization. 1 


ORGANIZATION DEFINED 


Organization has been given various interpretations. Many people, when 
referring to the organization of a firm's system, are actually referring to 
the personnel of the firm. This reference can be misleading because orga¬ 
nization embraces a wider more comprehensive meaning than simply per¬ 
sonnel. 

Perhaps one of the best known definitions of organization was first 
stated by Oliver Sheldon: "Organization is the process of so combining 
the work which individuals or groups have to perform with the facilities 
necessary for its execution, that the duties so performed provide the best 
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channels for the efficient, systematic, positive, and coordinated application 
of the available effort." 1 Thus, organization concerns itself with com¬ 
bining and coordinating individual as well as group activities in an enter¬ 
prise. In this sense, the organization structure can be thought of as the 
machine through which management works to accomplish its task. Orga- 
nization integrates the various jobs of the enterprise into an effective 
operating system to provide for accomplishing the firm’s objective; and 
management achieves this objective in the most efficient manner possible 
through this effective machine which we call organization. 

Some of us lack an appreciation for the value of organization in the 
total managerial system, as well as a knowledge of how organization can 
be put to work to help attain greater productivity. So that we may better 
understand these aspects, perhaps it would be wise for us to look first at 
the basic forms most organization structures take, and after this discuss 
some of the more subtle aspects. 


) TYPES 
OF ORGANIZATION 

Although the types of organization employed by companies vary con- 
siderably, three fundamental organization structures are commonly recog¬ 
nized. These are: 

1. Line organization. 

2. Functional organization. 

3. Line and staff organization. 

Each of these three will be discussed briefly, indicating its strong and 
weak points. 

Line Organization. The line organization illustrated by Figure 5.1 
is the simplest and oldest type of organization. A line organization is 
characterized by a direct flow of authority from the top boss through the 
various executives down to the workers. There are no staff or advisory 
positions. 

Because of its simplicity, members of the organization find no difficulty 
in determining to whom they report and who.is responsible to them. No 
nebulous staff positions exist to confuse the workers. This makes for a 
simple and easily understood organization. In addition, this factor also 
makes for clarity in the division of authority and responsibility among 
managers. Because it is headed by an individual who is not limited by 
committees and staffs, a line organization usually makes for quicker, easier 

i Oliver Sheldon, The Philosophy of Management (London: Sir Isaac Pitman & Sons 
Ltd., 1923) p. 2. 



Figure 5.1. A simple line organization. 


decisions and is, as a result, much more stable. Obviously, with no ex¬ 
penses involving staff personnel, the line form of organization is less 
expensive from the standpoint of overhead costs. 

The line organization does, however, present drawbacks. Specializa¬ 
tion, for example, is frequently incidental, and the same tasks are often 
performed using different procedures and crude methods in different de¬ 
partments. Because it is headed and run by one man with no staff aid, 
a line organization can be seized by a strong individual and run on an 
arbitrary—even dictatorial—basis. Obviously, if this leader and his asso¬ 
ciates happen to be stronger than they are wise, then their actions could 
easily damage—even destroy—the organization. In line organizations, 
provisions are seldom made to train, develop, and replace the top leaders. 
As a result, when the leader leaves or dies, a replacement is frequently 
difficult to find and the business suffers. Because the leaders in line orga¬ 
nizations have no staff assistants, they are frequently overworked and, 
therefore, tend to place unduly heavy reliance on their subordinates, in¬ 
cluding the workmen. In many situations, this results in. jobs being per¬ 
formed ineffectively. 

/ Although the line organization concept is extremely important to 
modern business, a pure line organization is seldom found except in small 
compact enterprises. Its many disadvantages and inflexibility deter its 
use in larger complex undertakings. 

Functional Organization. Functional organization, often called 
functional foremanship, was originated by Frederick W. Taylor in an 
attempt to bring about a specialization of management. Taylor contended 
that a foreman could not be a specialist in everything he was expected 
to do. Therefore, instead of having one single superior, as in the line 
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organisation, Taylor arranged for a group of “specialists" to boss the 
worker in the various aspects of the business. The separauon of these 
function”by Taylor is indicated in Figure 5.2 You will note that the 
office work is separated from the shop work, w.th the time:and cost clerk, 
instruction card clerk, order of work and route clerk, and disciplinarian 
on the office level. On the other hand, the gang boss, speed boss, repair 
boss, and inspector are on the shop level. The gang boss was responsible 
for setting up machines and moving jobs from mach.ne to machine, 
whereas the speed boss instructed the men in maintaining the specified 
machine speeds and rates of production. The other men performed the 
duties their names would indicate. Thus, Taylor separated the mental 
and clerical functions from the shop or production functions. 

One of the major advantages Taylor claimed for his functional orga¬ 
nization was that each function was administered by a specialist. Expert 
advice was always available to the worker. This advantage, however, was 
often more than offset by the difficulties encountered in having eight 
bosses lor each worker-each boss telling the worker what to do! 

This type of organization, employing the principle of specialization, 
is based on individual proficiency and specialized knowledge. Because 
of specialization, the employees in a functional organization can be placed 
and utilized more effectively, and their skills, as a result, can be developed 
more highly. In fact, as you can see from Figure 5.2, this air of special- 
ization is further emphasized by the division of mental and manual work. 
Finally, functional organization, by its very nature, overcomes one of the 
main disadvantages of the line organization, that being the inefficiency of 
one-man control. 



Figure 5.2. Taylor’s functional organization. 
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nesDite these advantages, functional organization is practically never 

* mdav in its pure state. For one thing, it is difficult to establish and 
maintain properly because of its high degree of specialization. With 
rhanees in personnel, for example, the effective performance of a par¬ 
ticular function often shifts, making an instable organization. Indeed, 
many people point to this as a major criticism. Another disadvantage 
encountered in functional organization is that with a series of specialists 
. charge, control and coordination are difficult to attain. In other words, 
it tends to operate not as a total system but as a series of independent 
units. In addition, discipline is difficult to maintain. As you would suspect, 
locating and fixing responsibility is difficult in functional organization. 
In fact, responsibility and authority between the bosses must overlap 
somewhat because of the nature of functional organization, and this over¬ 
lapping frequently provides the impetus for friction and disagreement 
between both workers and management. As a last disadvantage, many 
individuals point out that a functional organization develops specialists 
rather than all-around good managers. As a result, the organization fre¬ 
quently lacks good leadership. 

Because of these disadvantages, pure functional organization is seldom 
found today. Various modifications and combinations employing the 
principles of functional organization, however, are frequently used in the 
organization structures of some of our most modern and advanced firms. 

The Line and Staff Organization. To utilize the advantages of 
both the functional organization and the line organization, the line and 
staff type of organization was developed. Essentially, the line and staff 
organization consists of the addition of functional specialists to the simple 
line organization previously discussed. Thus, the advantages of specializa¬ 
tion are gained without th^ inherent disadvantages of Taylor's functional 
organization. & essence, the line portion of a line and staff organiza¬ 
tion serves to maintain stability and discipline, whereas the staff or func¬ 
tional portion serves to bring expert knowledge to bear on problems. By 
thus combining these two forms of organization, we retain most of the 
advantages of the line and functional types of organization, and retain 
few of their disadvantages. A typical line and staff organization is illus¬ 
trated in Figure 5.3. ^ 

Line and staff organization does possess disadvantages, however. For 
one thing, the authority and responsibility of the staff with respect to the 
line supervisors may cause confusion if they are not clearly set forth. Out 
of this confusion can come many difficulties. (Frictions and jealousies, 
for example, may develop between the line and the staff members over 
who has the authority to do what. Also, an aggressive staff member may 
at times irritate a shop foreman and even usurp some of his line authority. 
Finally, with a line and staff organization, it is possible for the line super- 
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Figure 5.3. Organization chart of a simple line and staff organization. 


visors to depend too much on the staff, thereby losing their ability for 
original thought, initiative, and action. 

Of these three types of organization, the line and staff is the most com¬ 
mon in our business economy, particularly among the larger enterprises. 
Usually a small company starts out with a line organization. In this in¬ 
stance, the owner-manager hires, directs, and rewards his men. With a 
growth in his business, however, a stage is reached where he is physically 
and mentally unable to cope with the many problems of his business. At 
this point the manager turns to another person for assistance. Quite often 
this person is a staff man such as a record keeper, an accountant, or a 
personnel man. As the business continues to grow, other staff functions 
are added as the situation demands. These additions, evolving as a result 
of the company’s needs, make for a change in the form of organization. 
As the business grows, the organization also continues to grow and de¬ 
velop. The more complex the company, the more complex the orga¬ 
nization. An example of this latter stage of organization development is 
illustrated by Figure 5.4. 


DISTINCTION BETWEEN 
LINE AND STAFF 

Perhaps a distinction should be made between the line and the staff 
components. In every business three functions have been found essential: 
the concern must be financed, a product (or service) must be produced, 
and the product must be distributed. These three necessary components 













Figure 5.4. Organization chart of the General Motors Corp. Note the complex structure 
incorporating both line and staff functions. (Courtesy General Motors Corp.) 
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of an enterprise are often called the organic functions of industry. Al- 
though other functions such as personnel and engineering are helpful, 
they are not found universally in every organization and are not, there- 

fore, considered absolutely essential. L 

The line components of an organization are those whose efforts directly 
affect the finance, manufacture, or distribution of the product or service. 
Thus a salesman in the field and a shop worker making the product can 
both be considered part of the line organization. Their efforts directly 
affect the product: the worker, in its physical manufacture; and the sales¬ 
man in its distribution to the ultimate consumer. All other aspects ex¬ 
cept those directly affecting finance, manufacture, and distribution may 
be considered staff. 

Staff is usually advisory in nature and has only the power to recom¬ 
mend. In its strictest sense, staff possesses no authority over the line. 
The purpose of staff is to be on tap for advice, but not on top authorita¬ 
tively. The latter is a line function. Thus the legal adviser and the per¬ 
sonnel director are usually considered staff. The work of these individuals 
has no direct effect on either the finance, production, or distribution of the 
product. The lawyer advises on legal matters which may mean the busi- 
ness can function legally, but his work has no direct effect on the product. 
The same is true of the personnel director. He may recruit personnel, 
administer tests, and aid in the placement of individuals, but his work is 
staff in that his work has no direct effect onjhe production, distribution, 
and finance of the item produced. ^ ^ ^ * ' 

As a practical matter, however, staff positions in many plants are ac¬ 
corded the authority to command. This may come about because of the 
staff individual’s exceptional competence in a particular field. A respected 
engineer, for example, might ‘•suggest" to the supervisor in charge of the 
paint shop that he stop dipping a part in paint and spray it instead, and 
the supervisor would do as the engineer said even though it may be more 
expensive to spray the part. Or a staff man may be accorded the authority 
to command because the top manager has indicated that whatever the 
staff man says to do should be done when it pertains to his function or 
sphere of competence. A personnel manager indicating to a shop fore¬ 
man how he should go about hiring an employee would be an example 
of this because the hiring procedures fall within the personnel function. 
One could argue, of course, that the personnel director has no real author¬ 
ity of his own but is merely speaking for the boss. 

It may be well to note at this point that staff departments within them¬ 
selves can be and often are organized on a line basis. The personnel de¬ 
partment, for example, although a staff organization with respect to the 
overall firm, may be organized within the department on a pure line or 
a line and staff basis. Also, we should recognize that one major line divi¬ 
sion of a firm, such as the manufacturing division, can be made up of 
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. line components and staff components. For example, in the manu- 
1,0111 n e division of the Ford Motor Company there is a staff function 
tac a$ **p ro duction Programming and Control" whose function is to 
^dvise^nd recommend programming and control procedures to the manu- 
f ( ring division. This staff office has no direct command over the basic 
manufacturing divisions, but exists in the manufacturing line division 
to advise and render a service. 


COMMITTEE 

ORGANIZATION 

Committee organization is not in its strictest sense a type of organiza¬ 
tion. Instead, it is supplementary to the line or line and staff types of 
organization. Essentially, in committee organization either an individ¬ 
ual's position is assumed by a committee or a function of the enterprise 
is advised or directed by a committee rather than one person. Many 
churches, for example, are run by a committee variously known as a 
board of stewards, board of deacons, or the like. Conceivably, all posi¬ 
tions in a company could be manned by committees. Such an organiza¬ 
tion structure would be highly improbable, however, and very unwieldy. 
In government, education, religion and business, some uses of commit¬ 
tees have been found to be both desirable and effective. The use of a 
committee is especially desirable in large complex corporate organizations 
where multifaceted problems are too big for one individual to handle 
effectively. In such instances, a committee may be appointed to advise 
the executive in the performance of his task. In this instance, such a 
committee would be part of the staff organization since it is only advisory 
In nature. 

Types of Committees. Committees can be fontial or informal in 
nature; advisory or managerial; permanent or temporary. The four types 
of committees most commonly found in industry today are: (1) the com¬ 
mittee in confrol, (2) the coordination and discussion committee, (3) the 
investigatory and advisory committee, and (4) the dissemination and edu¬ 
cation committee. 

The Committee in Control. This committee has the full power to 
act and usually assumes a position that could be manned by one person. 

The Coordination and Discussion Committee. This type of com¬ 
mittee is formed to discuss problems and give the executive in charge a 
wider base on which to make his decision. This committee has no power 
to act. It discusses and advises only. As a by-product of the discussion, 
coordin£jon of the actions of the members is often effected. 
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The Investigatory and Advisory Committee. Formed to investigate 
the various aspects of a problem, this committee investigates and then 
advises an executive of its findings and recommendations. The executive 
or other individual still retains his power to act. 

The Dissemination and Education Committee. This type of com¬ 
mittee is helpful in getting information about company problems, policies, 
and projects to the major individuals concerned. In addition it may well 
serve to indoctrinate new members in company procedures and give them 
an insight into the ultimate company organization and its preferences. 

Committee Limitations and Uses. In any organization structure, the 
committee should be used with great care and discretion. A committee is 
a poor substitute for good organization, and should not be used to shift 
responsibility from one person to the several members of the committee. 
In appointing an individual to serve on a committee, management should 
realize that the committee member’s work often suffers because of his 
attendance at time-consuming meetings. Another committee weakness is 
that its final action or recommendation often represents a compromised 
position and does not truly reflect the real feelings and opinions of the 
group. Because of these major weaknesses, many firms believe a com¬ 
mittee should never be used in place of an individual manager unless a 
plural executive is absolutely required. Leadership is an individual matter 
and should not be relegated to group action. 

Despite the above criticisms, however, committees can be used effec¬ 
tively. A committee, for example, can be especially good in rounding 
out plans and in pointing out discrepancies that an individual may have 
overlooked. Committees are often helpful in formulating objectives as 
well as in studying plans of organization. Since collective judgment usu¬ 
ally carries greater weight than the judgment of an individual, committees 
may be effectively used to appoint personnel to fill vacancies. In addition, 
some companies have found committees to be ideal arbitrators. Com¬ 
mittees are especially good at innovation or "brain storming" as it is com¬ 
monly known. Using this technique, individual members express new 
ideas about a product or problems in a brain storming committee meet¬ 
ing; these expressions and ideas, in turn, start other members of the com¬ 
mittee thinking and their ideas also are communicated to the group. Out 
of the ideas and discussions that ensue a new concept or innovation may 
be born which is actually a product of the group and not of any one 
individual. 

s' 

Effective Operation. When a committee can be used appropriately 
to aid in accomplishing an objective, the committee’s effectiveness can be 
improved considerably by observing a few fundamental rules. Most man- 



ORGANIZING THE SYSTEM 


99 


agers agree that the following are important for effective committee oper¬ 


ation: 


1 The objective of the committee should be well defined and the 
committee's authority should be clearly indicated. Each member should 

nderstand the committee’s purpose and objective, otherwise, there is a 
tendency to wander from the subject. Whether its authority is decision 
making or deliberative should also be indicated. 

2 The size of the committee should be such that it is not indecisive or 
too time consuming. It should, however, be large enough to provide the 
experience, discussion, and deliberation necessary for the problem at 
hand. The purpose of the committee plays an important part in deter¬ 
mining its size; no fixed number of members, therefore, can be cited as 
an appropriate number. In general, however, the committee should be no 
smaller than five or six and seldom larger than fifteen or sixteen. 

3. The membership of a committee should be appropriate. If the in¬ 
dividuals are to work together harmoniously, attention should be given to 
their business backgrounds and knowledge, the possible contributions that 
they can make in analyzing and solving the problem, and to their ability 
to work with other members of the group in a friendly cooperative 


manner. 

4. An agenda should be prepared by the leader and distributed well in 
advance of the meeting for each member to study. 

5. The committee's conclusions and recommendations should be pub¬ 
lished, circulated to interested individuals, and a check made of the action 
taken as a result of its recommendation. The committee, thus apprised 
of the action being taken, is aware that its work and recommendations 
were not wasted but are being used as a basis for managerial action. 


DEVELOPING 
AN ORGANIZATION 
STRUCTURE 

Developing an organization structure for a business, however, does not 
consist of simply choosing one of the types of organization structure pre¬ 
viously discussed and using it. Organization planning and development 
is much more difficult than this. In fact, the final structure of an indus¬ 
trial Organization results from a careful and detailed study and applica¬ 
tion of many organizational principles and practices. Let us, therefore, 
examine some of these principles and practices and see how they apply 
to building an organized system that will aid in achieving the objectives 
of the firm. 
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Principles of Organization. Irrespective of the size or type of busi¬ 
ness firm, a few rules of organization have been found to be universally 
applicable in developing its organization structure. These principles 
apply to an organization developed to run the comer grocery, a church, 
a hospital, or one of our industrial giants. Neither size, nor financial 
might, nor type of firm has any effect on their applicability. Instead, ex¬ 
perience has shown that in modifying or developing any type of orga¬ 
nization structure, we should be certain to keep in mind the following 
basic principles of organization which have been developed over the years. 

Consideration of Objective. An organization is a facilitating mecha¬ 
nism which enables us to accomplish things—to achieve goals. The objec¬ 
tive of an organization plays a large part in determining how quickly 
the structure should be developed, what it looks like, its operating cost, 
and its permanency. Since this is true, what we want to accomplish 
through the organization should be kept clearly in mind while we are 
designing and setting up its structural system. For example, an automo¬ 
bile wreck involving several cars and detaining traffic may call for the 
quick assembly and organization of several persons to direct traffic and 
summon help. One person, perhaps a patrolman, will assume leadership 
and give instructions to the several individuals about traffic direction and 
other problems. Speed in developing the organization is essential here. 
This speed and the temporary nature of the organization objective deter¬ 
mine its structure. 

Contrast this hastily developed organization with one set up to control, 
say, an international church or a large industrial corporation where per¬ 
manency rather than speed of development determines to a large degree 
the structural development. Obviously the organization structure of each 
will be much more complex and will be developed more slowly; here, too, 
the objectives of each will affect the structure. For example, if it is decided 
that the corporation should add a new line of television receivers, obtain 
all its own raw materials, and expand its marketing territory, such objec¬ 
tives and their concomitant activities would necessarily affect the final 
structure of the organization. 

Strangely enough, this fundamental principle of consideration of ob¬ 
jective is often overlooked by individuals when they begin to group 
people and organize functions in any cooperative human endeavor., Fre¬ 
quently these organizers seem to be carried away by structural types and 
forms, and apparently forget the reason for the structure and lose sight 
of the total system. Since the objective of the endeavor does have an 
important bearing on the organization structure, we should have clearly 
in mind what we want to accomplish, the objective of the undertaking, 
before developing the organization structure. Once the objective has 
been clearly determined, we should then develop a structure that will help 
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reach this objective. An organization should never hinder the achieve¬ 
ment of an objective; instead, it should be a facilitating mechanism that 
enables us to accomplish things more easily and effectively than we could 
have in an unorganized fashion. 

, Specialization, f Specialization of labor is the concentration of one’s 
efforts on a particular job or area of work. The more a person concen¬ 
trates on a particular job the better he usually is at performing the job. 
Specialization of labor, sometimes called division of labor, is basic to all 
collective organized efforts.yThrough organization a person's actions and 
responsibilities are narrowed to one or a few functions, enabling him to 
specialize on these few and thereby to increase his efficiency. Organiza¬ 
tion itself is nothing more than the outward expression of this universal 
law of specialization.; 

(Effective organization must include specialization.)Consider the orga¬ 
nizational development of an expanding grocery store. Starting with 
a one-man operation, let us assume that business necessitates adding addi¬ 
tional personnel. With growth into a supermarket, these persons are 
placed in charge of departments. One is responsible for canned goods; 
one is responsible for the fresh fruits and vegetables; and one is in charge 
of meats and dairy products. The manager has effectively organized his 
store with specialization of labor as an integral part of his organizational 
structure. Consider what type of organization would have resulted if, in¬ 
stead of organizing and specializing on the basis of departments, he had 
hired his clerks and instructed them to "help the customers.” Confusion, 
poor service, and out-of-stock conditions would have existed. 

Organizing by dividing work into specialized areas enables one to 
understand his job thoroughly and thereby be in a better position to 
improve his work. Specialization in organization also enables skills of 
varying degrees to be utilized more effectively. The work of every person 
in a firm, therefore, should be confined as far as possible to the perfor¬ 
mance of one or a very few leading or major functions./ 

In applying this principle of specialization, however, care should be 
exercised not to lose sight of the total operating system. While work or 
functions can be organized on a specialized basis, we must view each of 
these areas of specialization as it relates to the total operating system of 
the undertaking. Unless we do this, we may find that our final organiza¬ 
tional structure is made up of a series of highly specialized units which 
are independently effective but which collectively do not operate as a 
total integrated system. 

Delegation of Authority. Authority is the right to command or act 
and, as such, is a power over others. It is the basis of superior-subordinate 
relationships in the organization hierarchy, and in this sense, it empowers 
the supervisor to cause a subordinate to perform a task or take an action 
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that is considered appropriate for achieving the objective of the enterprise. 

If you have the necessary authority, you can tell a person what to do, how 
to do it, and where it should be done. Thus every person in a managerial 
position is vested with the authority necessary to secure cooperation. This 
cooperation can be secured by personal leadership, by coercion, or by 
promise of social and/or economic gain or loss. 

r Often we hear of responsibility being delegated, but actually it is the 
power to act or command, i.e., authority, that is delegated through the 
lines of authority established in the structure of the organization. R C - 
sponsibility cannot be shifted, delegated, or assigned. Jobs, duties, and 
tasks can be assigned, but only authority can be delegated./ 

^Delegation of authority is the key to organization. In fact, without 
delegation there would be no organization—only one-man operations. 
This principle of delegation is the center or core of all the processes in 
formal organization. No one expects a president personally to finance, 
produce, and sell the firm's product, but he is responsible for seeing that 
a product is produced and sold; and the only way that he can accomplish 
this task is by a cooperative organized effort brought about through dele- * 
gation. A major task of a top executive, therefore, is delegating authority 
to proper individuals in order to secure appropriate action. V 

This actual delegation of authority to take action or mike decisions 
should be made to an individual who has the necessary knowledge and 
ability to take intelligent action, and who is as far down the hierarchy of 
the organization and as close to the point of action as possible. Stating 
it otherwise, authority should be as close to the scene of action as possible, 
thus freeing higher management for overall planning and decision mak¬ 
ing. Delegation can be accomplished more easily and quickly if clear-cut 
lines of supervision and authority have been established. Clear-cut lines 
of supervision indicate who is responsible for what; they show who reports 
to whom; they indicate how functions of the organization are grouped. 
Such an organization setup makes for ease and efficiency in determining 
responsibility and in delegating the necessary authority. Clear lines of 
authority, therefore, must run from the top to the bottom of the organiza¬ 
tion. 

Lack of clear lines of authority and supervision may result in over¬ 
lapping actions, in omissions of acts, or in improperly conceived job re¬ 
sponsibilities and authority. Many organization systems fail because 
adequate provision has not been made for proper delegation of authority) 

/ 

V> j Parity of Responsibility and Authority. Responsibility literally means 
a charge for which one is responsible or accountable; it means accounta¬ 
bility. With respect to the organization structure, responsibility may be 
defined as the obligation of a subordinate to a superior to perform a desig¬ 
nated and assigned task or function. The key idea in this definition is 
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that one is charged with an obligation. While authority to perform a 
. k foiegated to an individual, he is held responsible for its performance 
and therefore responsibility is demanded of him. Since it would not be 
*u$t to hold a person responsible for performing a task without first giving 
him the authority necessary to get the job done, responsibility should 
always be coupled with commensurate authority. Stating it otherwise, 
authority that has been delegated should always be coupled with respon¬ 
sibility, that is, appropriate action should be demanded from delegated 
authority. When a person has been given the authority to perform a 
job, he should be held accountable for its accomplishment. A supervisor, 
for example, should never be held responsible for the output of his de¬ 
partment unless he has been given the authority to direct the actions of 
the individuals reporting to him. 

Contrary to what many people believe, responsibility cannot be dele¬ 
gated or shifted. Parents, for example, are responsible for raising their 
children, and although they may hire maids or governesses and assign 


them certain tasks or jobs, the parents are still ultimately responsible. 
Likewise, in an organization a superior who is responsible for performing 
a task may delegate the authority necessary to perform this task to one of 
his subordinates. The acceptance by the subordinate of his assignment 
obliges him to perform the task; however, this obligation does not relieve 
the superior of his responsibility. The responsibility of a superior for the 
acts of his employees is absolute. Whereas authority to command can 
be delegated, responsibility cannot. 


Span of Management. By span of management (often called span of 
control) we mean the number of individuals one supervisor directs. There 
is a definite limit to this number, which obviously determines, to a large 
extent, the number and the arrangement of the units of an organization. 
In a small firm every member may report directly to the president, but in 
a large company this would be impracticable. Indeed, an appropriate 
number of individuals must be grouped under one superior. The ques¬ 
tion, of course, is: "How many employees can one supervisor effectively 
direct?" If too few employees report to one supervisor, his time will not 
be used effectively. Also, there may be a tendency for him to oversupervise 
and in effect make all the decisions for his subordinates. On the other 
hand, too large a number of employees reporting to one individual may 
well make for either ineffective or scant supervision. 

Some experts say a maximum of five foremen should report to one 
superior and a maximum of ten to twelve employees should report to 
one foreman; however, no hard and fixed rule for the number can be 
established. Instead, the number of employees that can be supervised 
depends on the type of work being performed, how far apart the em¬ 
ployees are geographically, whether all employees are performing the same 
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jobs, Whether the jobs are highly repetitive in nature, the training pos- 
sessed by the employees, the supervision necessary, and similar considers- 
lions If for example, the work is highly specialized and all employees are 
performing the same task at one table, then the number that can be effec- 
lively supervised will be relatively large. However, if each employee is 
performing a different task in isolated areas and these tasks require careful 
supervision, then the number that can be supervised effectively will be 
relatively small. 

In recent years the trend in span of management has been toward an 
increase in number. This is particularly true in retail establishments 
where an attempt is being made to reduce the number of levels in the 
organization so as to improve communications. As a result of increasing 
the span of management, one large mail order company reported a rise 
in morale, sales, and profit. This increase was attributed to the fact that 
the large number of employees reporting to the manager forced him to 
delegate authority to his subordinates because he could not personally 
supervise all their actions. Since he could not supervise them closely, the 
manager gave more careful attention to the selection of his subordinates; 
and this careful selection, in turn, made for the employment of higher 
caliber employees and lower turnover. This delegation also forced the 
employees to learn their jobs better and gave them a greater sense of ac¬ 
complishment, a feeling of belonging, and made for high morale. 

^Unity of Command. Frederick W. Taylor’s functional organization 
uncovered the difficulties involved when a person has more than one 
boss. In fact, receiving directions from several superiors may easily re¬ 
sult in confusion, conflict, lack of action, and poor morale. Each mem¬ 
ber of an organization, therefore, should be responsible to and receive 
directions from only one boss, his immediate superior. The plant super¬ 
intendent or division manager, even though superior, should not give 
direct orders to a worker. A hospital administrator should not give direct 
orders to a floor orderly. Instead, such supervision should come through 
the worker’s immediate supervisor. This practice keeps the supervisor 
apprised of all directives and prevents conflicting orders. It also enables 
the immediate supervisor to control his work and make adjustments where 
necessary. If it can be avoided, therefore, no one in any organization 
should report to more than one line supervisor; and everyone should 
know to whom he reports and who reports to him. 

Personal Ability. An organization is people, and their proper selec¬ 
tion and placement cannot be overemphasized. An organization struc¬ 
ture reflect* the abilities of the individuals in the structure, and the 
abilities of the members of an undertaking determine to a large degree 
the organization structure. This is not to say that an organization should 
be developed considering only the individuals who will make up the oiga- 
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niiation in the immediate future. It does mean, however, that in develop¬ 
ing an organization, proper regard should be given to the personal ability 
of individuals assigned to various components. Assigning a job to an indi¬ 
vidual does not mean it will be accomplished any more than moving a 
mountain can be done by saying to the mountain “be thou moved.” 
Individuals differ in capacity and ability, and these differences as well as 
personal limitations should be considered before placing an individual 
in an organization. 

If you were given the task of appointing one individual to sweep a 
rodm and another to raise three million dollars for a worthy charity, you 
would give careful thought to the personal abilities which would enable 
each to achieve his objective. Although this is a farfetched example, the 
same sort of careful thought should be given to selections and transfers 
of individuals within an organization. 


persons possessing the required ability are not always available to fill 
a particular vacancy, and if an individual in the company cannot be 
trained for the job, management often must go outside of the enterprise 
for the man. If the needed person is not available either inside or outside 
of the firm at the time he is required, it is not considered good practice to 
use a “second best" person; instead many companies modify their par¬ 
ticular organization structure temporarily so as to redistribute the work 
among other individuals until such time as a qualified person is available. 


Communication. Inasmuch as an organization is developed to aid 
in accomplishing an objective, a good communications subsystem is 
necessary if all employees are to know what to do to aid in reaching 
this objective. In fact, one of the most immediate and costly results of 
poor organization is the breakdown of intra-organizational communica¬ 
tion, and the resulting loss of an integrated operating system. Despite 
the fact that lines of authority provide ready-made channels of communi¬ 
cation downward and upward, they are often used solely to pass directives 
downward and never as a means of communicating attitudes, feelings, 
or ideas upward. Using lines of authority solely as channels for trans¬ 
mitting orders often results when busy administrators do not want to be 
bothered with the "small’’ ideas of their supervisors. Frequently when 
the supervisors are finally heard, their ideas are either ignored by the 
administrator or given a superficial appraisal. This same difficulty in 
communication may also be true at the worker level. Ideas or attitudes 
expressed by a worker to his foreman often stop there, particularly if they 
might reflect discredit on the foreman’s organization. Such blocks in com¬ 
munication occur all up and down the lines of authority in a great many 
organizations. 

A supervisor is chosen and placed in a position of authority because 
his superior has confidence in his ability to get the work done. This con- 
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fidence in a subordinate plus free two-way communication are the two 
factors that unite an organization into an effectively operating system. 
Despite its importance, however, many organizations are formed with no 
apparent thought given to free two-way communication, especially upward 
communication. Some companies have established two lines of communi¬ 
cation upward: one through the regular lines of authority; the other 
through the appointment of a nonsupervisory individual, often called 
a counselor, to serve as a connecting line between the workers and 
upper-level management. Suggestion systems are also useful. Where a 
labor-management agreement has provided for a prescribed grievance 
procedure, this procedure may be employed as an upward channel of 
communication. Reducing the number of levels of authority also aids in 
the flow of upward communication. 

Though not as difficult to establish as upward communication, down¬ 
ward communication also presents problems. If good communications 
downward are to exist, management must first of all have something good, 
sound, and worthwhile to communicate in the way of policies, beliefs, and 
principles of management. Although films, booklets, bulletins, and other 
printed and visual aids may be used, greatest reliance should be placed 
on personal, face-to-face communications, using the organizational lines 
of authority as the channels of communication. 

Combination of Line and Staff Functions. Line and staff functions 
should not be combined in one individual or department where separation 
of the functions is possible. Line functions, as we indicated previously, 
are those which directly affect the finance, production, or distribution of 
the product or service. Staff functions are those that aid the line or are 
auxiliary to the line functions. Because confusion of authority could 
result from having two such functions combined in one individual or 
department, line and staff functions should be separated where possible 
to do so. 

Regulations. Rules and regulations aid in the proper operation of the 
enterprise, because they enable each supervisory individual to have a 
better understanding of his authority, responsibility, and scope of action. 
Therefore, a complete statement of the operating objective of an enter¬ 
prise as well as the responsibility and authority of each supervisor should 
be formulated and issued as a set of operating rules and regulations. Such 
rules and regulations should be available in writing to all personnel in 
the organization. They may be broad or specific, even detailed enough as 
in methods manuals to describe precisely how each task in a business is to 
be carried out. The amount of detail, however, depends on the extensive¬ 
ness of the organization. Written rules and regulations are valuable to a 
firm because they represent the law of the organization—they define the 
authority which certain individuals have over particular functions. 
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Flexibility. An organization is formed to achieve an end. The envi¬ 
ronment in which the organization exists and the individuals who make 
up the organization are constantly changing. Most people think of an 
organization as a static entity; therefore, they draw a chart and say, “Here 
is our organization.” This is usually unrealistic inasmuch as the chart 
actually represents a picture of how the organization was. Organizations 
change because of technological changes, economic changes, personnel 
changes, or changes in the objectives of the company. To cope with these 
and still reach its objective,"an organization must be flexible. Flexibility, 
however, does not mean haphazard aimlessness. Instead, it consists of 
the ability to bend and blend before experiencing any serious setback. An 
organization possessing flexibility withstands minor pressures, but gives 
way to the demand for genuine change, permitting either expansion or 
contraction without seriously altering the basic functions of the various 
segments of the structure. 

Job Assignment. Logical groupings of related jobs and functions 
should be made in developing the organization structure. For example, 
all work pertaining to the financial aspect of a firm could well be placed 
in one section. Such a grouping could include the activities pertaining 
to payroll, vouchering, budget preparation, and similar jobs./In addition, 
it is often desirable to have the responsibility for each of these jobs (pay¬ 
roll, vouchering, and so on) assigned to specific individuals, with these 
persons in turn reporting to the leader charged with the accomplishment 
of the overall finance function. Insofar as possible, only one leading or 
major task should be assigned to any one individual. This restriction of 
job assignments is another way of implementing the principle of special¬ 
ization previously mentioned. Although this objective of logically relating 
work assignments cannot always be achieved, its desirability is obvious, 
and su:h groupings should be effected wherever possible. 

Structural Balance. In a balanced organization, each function of the 
structure should be large enough to accomplish its objective but not overly 
developed in relation to all other functions of the organization so that the 
“tail wags the dog.’’ In an automotive firm, for example, the product 
research and development section should be large enough with respect to 
all other aspects of the firm to design and engineer a desirable product; 
the sales division should be adequate to the task of marketing the output; 
and the finance section should be large enough to meet the requirements 
pertaining to that function. Without such balance, the objective of the 
organization cannot be achieved economically and effectively. An unbal¬ 
anced condition may result in a firm when an individual in an executive 
leadership capacity is partial to a specific function because of previous 
training or experience. In such instances where an unbalanced condition 
has developed, the cost of maintaining the oversized division cannot be 
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warranted by the returns to the company; the organization structurally 
is not in balance; and functionally, the organization is not as effective as 
it could be. 


DEVELOPING AN 
ORGANIZATION 


In the process of forming a new organization sti*ucture or of reorganizing 
an existing one, the principles and practices discussed above should be 
considered. Obviously, however, the consideration of these principles, 
rules, and types of organization structures will not in itself result in the 
development of a new organization. Instead, a new organization structure 
must be visualized and developed on a step-by-step basis. Although no 
series of rules can be given that will assure the development of an effective 
organization, this objective can be approached in a systematic fashion 
without too much difficulty. Many persons have found the following steps 
to be quite helpful. 


1. Determine clearly the objective of the enterprise. This was listed 
as the first principle of organization because a clear definition of the 
objective determines the type, stability, structure, and permanency of the 
organization. The objective of an organization determines the basic orga¬ 
nization characteristics. 


2. List the areas of activity by main division and subdivision. This 
physical listing of activities should be complete and will in itself suggest 
areas for regrouping and consolidation of work. Products, tools, and 
processes should be considered as possible areas within which to regroup 
the activities listed. As far as possible, similar functions should be com¬ 
bined into one position. 

3. Determine the ideal structure to accomplish the desired actixnties 
irrespective of availability of funds or personnel. Each of the regrouped 
and consolidated activities determined under step 2 are to be studied and 
an “idea]” organization structure developed to carry out these functions, 
taking into account, of course, the principles previously discussed. This 
ideal structure may represent the long range or ultimate organization, 
and because no consideration has been made of available personnel or 
funds, implementing it may not be possible or practical immediately. 

4. Make a detailed survey of available personnel from the point of 
view of capacities and abilities. List all personnel currently in the orga¬ 
nization as well as those available from outside the organization. Indicate 
clearly their capacities and limitations. 

5. Revise the “ideal” organization in light of the available personnel 
and funds. In step 3 the best organization structure for achieving the 
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biective was determined and in number 4 the practical aspects of avail¬ 
able personnel were ascertained. This last step, therefore, consists in 
reconsidering and changing the “ideal” organization to fit the reality of 
available personnel and dollars. This determines the current working 

organization. 


Following these five steps not only develops an organization structure 
to fit current realities, it also sets forth an ideal organization in step num¬ 
ber 3 that serves as a model and guide towards which the working orga¬ 
nization can develop and progress as personnel and other conditions make 
such development possible. Again, it should be emphasized that the 
principles and considerations of organization previously discussed should 
be kept in mind in developing this structural setup. 


RESULTS OF GOOD 
ORGANIZATION 

An organization conceived and developed along the principles of orga¬ 
nization, as well as one which adheres closely to the other considerations 
of organization covered previously, will more than reward its leaders 
and its members. Not only will the objectives be achieved more easily 
and quickly, but the physical operation of the organization will be greatly 
enhanced. Good organization typically: 

1. Establishes responsibility and prevents "buck passing.” 

2. Provides for easier communication. 

3. Eliminates jurisdictional disputes between individuals. 

4. Helps develop executive ability. 

5. Aids in measuring a person's performance against his charges and re¬ 
sponsibilities. 

6. Aids in equitable distribution of work functions and/or personnel 
supervision. 

7. Permits expansion and contraction without seriously disrupting the 
structure. 

8. In times of change, it affords movement in the direction of the "ideal" 
organization. 

9. Makes for closer cooperation and higher morale. 

10. Points out "dead-end” jobs. 

11. Delineates avenues of promotion. 

12. Prevents duplication of work. 

13. Makes growth possible with adequate control and without literally kill¬ 
ing top executives through overwork. 

14. Aids in wage and salary administration through forced job analysis and 
description. 
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STUDY QUESTIONS 

1. Clearly distinguish between line and staff organization. 

2. What are the limitations and uses of a committee? 

3. In your estimation, which five principles of organization are most important? 
Why did you select these five? 

4. Clearly distinguish between authority and responsibility. 

5. Explain the principle of span of management. 

6. What benefiu can one normally expect from a good organization? 

7. Explain the statement. "Without delegation there would be no organization." 

8. How would you go about establishing a new organization structure for a 
firm? 

9. Distinguish between a line and a functional organization. 

10. What is meant by the principle of parity of responsibility and authority? 
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In the previous chapter we examined some of the basic prin¬ 
ciples pertaining to an effective system of organization and 
explored possibilities for developing and improving such sys¬ 
tems. In addition to these generally accepted principles 
which are basic, many overtones or nuances exist which 
color or influence the system and its effective operation. It 
is the purpose of this chapter to look at some of the more 
subtle aspects of organizing human endeavor into an effec¬ 
tive operating system. 


LEADERSHIP 

One of the great imponderables of organization is what 
makes for a good leader. Try as they may, psychologists. 
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sociologists, organization experts, and other such scholars have been 
unable to determine and agree upon the characteristics of a man that will 
make him a good leader. Although many people recognize a good leader 
in action, they are not able to determine in advance by tests or other 
means whether or not a person will develop into a good leader. Yet despite 
this, we all know that for an operating system to be truly effective it must 
have the benefit of a good leader. In fact, this intangible quality of good 
leadership is what frequently causes an unorganized group to jell into an 
organized system. It is what makes for action instead of inaction. 

Importance of Leadership. As we all know, objectives are achieved 
not by happenstance but because sound decisions are put into effect by 
qualified leaders. In fact, the most valued man in any organized under¬ 
taking today is the one who can lead others. Indeed, good leadership is of 
infinitely greater value today than modem new machinery or an exten¬ 
sive organization. Recognizing this valued role of leadership, one publica¬ 
tion, Dun’s Review & Modern Industry, emphasized its importance edi¬ 
torially in these words: 

True, leadership in management is different from other kinds of leadership 
—and more demanding, and rarer, too. 

Leadership in the arts, sciences, professions, and other fields can usually 
be attained through intellectual ability alone, or through some other spe¬ 
cialized ability. Such a leader needs to know nothing about handling people 
or administration. 

Einstein became one of the truly great leaders in science purely through 
the force of a gTcat intellect. 

Charles Proteus Steinmetz, pioneer in electricity, was a notably poor admin- 
istrator and wholly unable to handle people. 

Thorstein Veblen, trail-breaker in economic thought, would have rated zero 
on any test of other leadership qualities. 

Franklin D. Roosevelt led the United States down a new road of govern¬ 
ment philosophy in spite of being a poor administrator. 

Charles Lamb is regarded as a literary leader of his time, though his busi¬ 
ness career was confined to a petty clerkship. 

Among countless other examples. Babe Ruth was for years the leading 
player in the baseball world. 

But Babe Ruth never became the manager of a team because he lacked the 
high type of leadership called “managerial ability." The true leader in man¬ 
agement not only must have intellectual ability and a thorough knowledge 
of the tools and technical skills of his profession. He must also be able to 
organize, to administer, and to get things done through people. He must 
above all else have certain personal qualities that make other people eager 
to follow him. 

Many individuals have these leadership qualities, but in undeveloped 
form. 1 

1 Reprinted by special permission from Dun's Review & Modern Industry (April 
1949). Copyright, 1964, Dun & Bradstreet Publications Corporation. 



NUANCES OF THE ORGANIZED SYSTEM 


113 


Leadership, obviously, is more than personal ability and skill. Although 
true leader should have ability, he should also be professionally compe¬ 
tent intelligent, and analytical. A good leader should have a sense of fair 
lay, including honesty, integrity, and a feeling of responsibility. He must 
nnssess initiative, and be industrious and diligent. Leadership is important 
to the effective setup and operation of every undertaking because leader¬ 
ship is the one force that charts and makes possible the economic accom- 
olishment of the organization’s objective. Things are accomplished 
through people, and it is no small problem in any organized endeavor to 
influence the attitudes and direct the actions of people—one of leader¬ 
ship's strategic roles. 

There are, of course, various types or styles of leadership. Some leaders, 
for example, are decisive, direct, gladly assume responsibility, and are 
willing to give orders or commands. Other leaders are more human 
relations oriented, their approach is nondirective rather than command, 
and they share the mantle of leadership with others. The question, of 
course, is what type of leadership style is important for an effective orga¬ 
nization system. And once this style is determined, can these individuals 
be recognized and placed in an organization? Probably not, because this 


assumes the ready availability of such leaders to fit a given situation. In¬ 
stead, what many managers do is to find and accept a leader and, recog¬ 
nizing his individual makeup and tendencies in leadership style, change 
the organization system to accommodate the leader. The quality of effec¬ 
tive leadership is rare, whereas a change in an organization system is much 
more common and easily effected. In other words, place a leader in a 
situation which is compatible with his leadership style rather than force 
him to change his style to fit the job demands. And if a particular job 
opening does not fit his leadership style, then management should try to 
restructure or engineer the job to fit the leader’s style. Jobs can be engi¬ 
neered, redesigned and restructured much more easily than a leader can be 
trained to manage in a different style. 


ySy 

THE INFORMAL 
ORGANIZATION 


Every organization structure has two systems in operation: the formal 
and the informal. The formal system is composed of the recognized and 
formalized lines of communication, authority, and control. This system 
is frequently pictured on the official organization chart. The second or 
informal system is much more subtle and invisible and is the one we 
are concerned with here. 

.- T he i nform a l organization is an elusive..mas s_of pe rsonal_contafts, line*; 
erf eommunirafion , and int eigersonal relationships which.Jeshes out the 
skel eton formed by _the_official_and formal structure. Despite these elusive 
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Figure 6.1. Organization chart with four informal organizations indicated by broken 
lines. 


qualities, it is the informal organization which makes for the smooth 
operation of an undertaking and accomplishes most of the work. Under 
normal conditions the informal organization works in harmony with the 
formal, but because of its undefined structure it is susceptible to human 
manipulation and opportunism. Likewise, because of its invisible struc¬ 
ture, it is difficult to perceive of and correct these perversions until the 
problem festers and finally erupts as some overt complaint or problem. 
The alert manager, of course, attempts to sense these abscesses and take 
appropriate action to eliminate their causes. 

One obvious abuse which is quite common is that of circumventing 
recognized and formalized channels of communication. It may consist of 
a top executive’s bypassing two or three levels of authority to communi¬ 
cate directly with a first-line supervisor. While such a shortcut may be 
quicker, it may well cause a breakdown in operations or control because 
of, say, contradictory orders. Of course a top executive has the authority 
to communicate with subordinates directly, but this should be about 
matters of concern only to the subordinate. Otherwise, the appropriate 
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. should be apprised of the communication via the formal lines. 
^Another anc j m0 re subtle aspect of this bypassing of formal channels 
f communication is the impact that this lack of information will have 
the bypass^ supervisors. While one instance may not cause a calamity, 
°he regular use of informal channels may cause the bypassed supervisors 
feel frustrated and undermine their sense of responsibility for and 
’ ride in their respective jobs. Even "small'' matters may have an impact 
n an individual’s feelings and actions. Correcting such a situation, of 
course, is difficult. Many supervisors would hesitate to go to the top execu¬ 
tive and demand that he stop bypassing them. However, when the symp¬ 
toms of such bypassing are recognized the supervisor may help minimize 
the problem by instructing subordinates to pass on to the next higher 
level of supervision all information that comes to them directly from the 
top executive. While this does not cure the disease, it at least informs all 
levels of supervision as to what is going on. 

This same type of subtle abuse may be found in horizontal communica¬ 
tions where one supervisor communicates directly with another supervisor 
who is not in the same vertical line of authority. A sales manager, for 
example, may communicate with a shop finishing supervisor about rush¬ 
ing an order without going through the formal channels of sales manager 
to production manager, to shop superintendent, to shop supervisor. In 
doing so, he may attempt to win perhaps an unwarranted concession by 
flaunting his title of manager over the shop supervisor. Should this sort 
of situation be allowed to arise and continue, its impact on total effi¬ 
ciency, planning and production control is obvious. 

Other examples could be cited about potentially dangerous operating 
situations involving the informal organization. The above, however, indi¬ 
cate the nature of the problem and what should be done to remedy it. 
For the student of organization and management, the important point is 
to realize that these problems might arise and to be aware of the vulnera¬ 
bility of the informal organization to them. By its very nature this in¬ 
formal organization virtually ignores the concept of responsibility. 
Because of this and the concomitant ease with which problems can arise, 
the effective manager must ever be alert to signs of such problems being 
caused by the misuse of the informal organization. 


NEED 

FOR 

CHANGE 

Most individuals are creatures of habit and resist change. Organizations 
being made up of individuals likewise resist change. This deep-seated char¬ 
acteristic frequently means that an organization becomes a prisoner of its 
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own past success. That is, the attitude prevails that the organization 
achieved its present status because of the organization structure and the 
structure, therefore, is good and should not be changed. 

Organizations, however, like organisms, must adapt themselves to their 
environment if they are to survive and grow. The pressure for such 
changes may come from within, from strong leadership or from some 
external force. It is rare for sufficient pressure to be generated within 
an organization to produce a significant change in its structure or direc¬ 
tion. Such a move would likely be viewed as a dissatisfaction with present 
leadership. External pressures, when of sufficient intensity, do cause orga¬ 
nizations to change, but frequently these are "do-or-die” situations that 
are major in nature. 

A desirable form of change would be one that is evolutionary rather 
than revolutionary. It must emanate from strong leadership and be guided 
and directed through its various stages by this leadership. Obviously this 
places organization leaders in uncomfortable positions, because most of the 
individuals are not in a position to see the need for change in organi za . 
tion structure and policy until the optimum time for action has passed: 
And when the need for change is so obvious that all agree to it, frequently 
the competitive advantage and flexibility that the change would have 
afforded has been lost. Managers, therefore, are truly in a dilemma. If 
they wait too long, competitive advantage is lost. If they move to effect 
a change before there is a general awareness of its need, this may well 
impair their ability to lead their employees because the action may be 
regarded by a large number as being unnecessary, even irrational. And 
of course, we recognize that even the best considered changes may prove 
in time to be undesirable and therefore fatal to the manager’s leadership 
role. 

By their very makeup, corporate structures are opposed to change; yet 
for those managers'who are strong enough leaders to anticipate the needed 
changes as well as manage their evolution, the rewards and satisfactions 
are great. Good managers, therefore, must conceive of and communicate 
explicitly to their employees the need for a necessary change. They must 
also exert a strong enough influence on the organization to overcome the 
resistance to this change that will be exerted by the employees. And, 
finally, they must provide the determined leadership necessary to effect 
the change at a time when the members of the organization are in oppo¬ 
sition to the required changes. 


INEFFICIENCIES 

At times we read that organization inefficiencies result from having too 
many employees reporting to a supervisor, or having too many levels, or 
having too short a span of management. This is all another way of saying 
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that an organization of a given size can be structured in one of several 
^rays using various spans of management. A large span of control mini¬ 
mizes the number levels, making for a flat or horizontal structure; a small 
span of management, conversely, increases the depth of a structure, the 
number of levels, and the number of supervisors. It appears, therefore, 
that when the number of levels is minimized the span of control is in¬ 
creased—perhaps to an undesirable number. And if the span of control 
is kept at a minimum, the number of levels and supervisors will be in¬ 
creased—both of which may be undesirable. The application of these two 
principles, therefore, poses a problem, the solution of which must be a 
compromised situation between the two extremes. In developing a struc¬ 
ture which will meet these requirements, several factors must be consid¬ 
ered. 

A great deal has appeared in the literature of organization about its 
social aspects. Structures are regarded as social complexes; indeed, in 
some instances as subcultures. Inasmuch as the system of organization 
does have an effect on morale and satisfaction of employees, its structure 
could easily affect efficiency and output. While these socio-politico-orga¬ 
nizational factors can and do have an effect on members, their precise 
impact and influence is not yet clearly understood. Some studies point out 
the adverse effect of a long scalar chain, while others conversely show the 
ill effects to be derived from a broad span of control. The manager’s job 
under these trying circumstances is to strike a happy balance between the 
two extremes, relying heavily on employee reactions and motivations to 
determine the appropriate distance to move in either direction on the 
continuum. 

A movement on this continuum obviously affects the communication 
process. Depth in structure creates levels and barriers on one hand, while 
on the other an increased span of control may minimize the personal con¬ 
tact and communication between employer and employee. Both may ad¬ 
versely affect employees psychologically and thus present management 
with another set of inefficiencies in organization to deal with. 

Finally, the environmental as well as production dynamics of the firm 
may likewise cause inefficiencies. Instability and fluctuation may well 
affect employees adversely psychologically. People are typically status quo 
oriented—they are creatures of habit—and anything, whether environ¬ 
mental (such as economic cycles) or having to do with production (such 
as changes in the process or product) may cause negative psychological 
reactions. 

You will note that the inefficiencies described above all stem from two 
primary causes: (1) personal (social) dissatisfaction caused by employee- 
employer interaction, and (2) inefficiencies which result from the inter¬ 
ruption of the flow of information both up and down the scalar chain. 
What management must do, therefore, is develop within the organiza¬ 
tion some counterbalancing actions which will tend to negate the two 
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mentioned above. Some obvious ones immediately come to mind: utilize 
technological changes to enhance the communications process (telauto- 
graph, for example); train the employees to know their jobs more com¬ 
pletely thereby minimizing the need for the flow of information; be sure 
that all employees understand the plans of the organization, company 
policies, etc., so that they can take intelligent action without personal 
contact; and use staff assistants to keep management in touch with the 
employees and the developing social problems as well as the process prob¬ 
lems. 

These approaches can be stated otherwise: good communications must 
be recognized and encouraged. Supervisors should be told that manage¬ 
ment expects them to do their best to communicate clearly with manage¬ 
ment, with each other, and with employees on matters pertaining both 
to operating information as well as socio-political information. 


INEFFICIENCIES 
IN FUNCTIONAL 
ORGANIZATIONS 


One of the many issues which faces a manager as he concerns himself with 
organization problems is whether to group the activities in his company 
by product or function. 

With the advent of international business, complex economic forces, 
government regulations, growth in conglomerates, and the emergence of 
multi^roduct corporate giants, many evidences begin to present them¬ 
selves which point to the weakness of developing organization structures 
along a functional line. This mounting evidence centers around several 
basic arguments. 2 

Because they are organized around functions, the separate functions 
are emphasized rather than the whole organization. In a large and com¬ 
plex structure, therefore, one function’s output might be maximized at 
the expense of the total system. The steel mills of a large automotive 
concern, for example, might maximize their output or profit but at the 
same time lower the total company’s operating effectiveness and/or profit 
This might result from delayed delivery (to smooth out the production 
flow) during a time of peak auto demand, or the charging of high prices 
for the product. In each instance the steel mill might be enhancing its 
own showing at the expense of the total. Thus while optimal on a func¬ 
tional basis, it is suboptimal on an overall systems basis. 

In complex enterprises, the functional approach may also tend to 

2 See Howard M. Carlisle. "Are Functional Organizations Becoming Obsolete?" Man¬ 
agement Review (January 1969), pp. 2-9. 



NUANCES OF THE ORGANIZED SYSTEM 


119 


emphasize functions with no overall integration taking place in the sys¬ 
tem Even in processes which are integrative in nature, such as planning 
and control, the functional organization approach tends to emphasize 
the process (such as planning) within the functions, with final coordina¬ 
tion coming at a point outside the perimeter of effectiveness. Thus the 
same ill of suboptimization may be realized here. 

Because of their structural nature, functional organizations sometimes 
discourage interpersonal action and interface with those outside the func¬ 
tion. It tends to create a closed system which promotes solidarity within 
the group at the expense of downgrading outsiders. The result of. this 
restriction in communication may well lead to some of the ills discussed 
above. This pride and solidarity of the group may also serve to engender 
a resistance to change—a clinging to the status quo. 

It should be pointed out that many of these criticisms show up only in 
large complex structures, while in smaller concerns the functional approach 
may be used with few ill effects. In larger companies, however, manage¬ 
ment has overcome some of its weaknesses by the establishment of inter¬ 
functional committees at various levels to obtain coordination. While 
useful, however, committees suffer all the ills previously mentioned and 
incorporating them effectively has proved difficult. More effective means 
to overcome some of the functional ills consist of general management 
training programs, job rotation, and the like to broaden the perspective 
of key management employees. Another approach has been to organize 
staff groups to integrate a basic management activity among the various 
functional units. Long-range planning, for example, would fall in this 
category. 

New organization systems theory will probably do much to minimize 
the ills effects of functionalism. As we have seen, the systems theory views 
the concern as a social system with mutually dependent parts which are 
subordinated to the interests of the whole system. This approach to orga¬ 
nization structure will do much to overcome the deficiencies and difficul¬ 
ties mentioned previously. 


INTEGRATING 
EMPLOYEES' EFFORTS 

It is generally conceded that an organization is effective to the degree 
with which the efforts of its members are integrated with the firm’s goals. 
In other words, for a business firm to achieve its goals of, say, continued 
existence and profitability, it must integrate the efforts of its employees 
with these goals. Anything or any practice which tends to disrupt, inter¬ 
rupt, or diffuse this integration jeopardizes the firm's success and should 
be eliminated, or at least minimized. Positively stated, this says that an 
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organization will probably be successful to the degree that it integrates 
the efforts of its employees to the firm's goal. This integration is achieved 
through affording an employee the means whereby his personal goals can 
be achieved either directly or indirectly while at the same time achieving 
the overall organization's goals. The job of manager, of course, is to 
develop an environment conducive to the employee s effective participa¬ 
tion and integration. 

One aspect that must be considered in developing this environment 
is that of consistency in evaluation of employee performance. In other 
words, we can hardly expect employees to maintain consistent efforts and 
consistent behavior patterns in achieving the firm’s goals when variability 
in evaluation exists among their superiors. Having one executive praise 
one mode of behavior while another superior condemns it may well 
result in needless employee confusion and an almost minimum integra¬ 
tive effort. 

Not only do we need consistency in employee evaluation, we also need 
consistency in rewarding employees for integTative efforts. Both monetary 
and status rewards should be jointly applied to reinforce or reward a 
particular type of behavior. This does not exist in those companies where 
some of the superiors use individual and personal standards for reward. 
The result of such action, of course, may be that lower level employees 
in one department may earn more than, say, the same level or higher 
level in another department, making for inflexibility in both promotion 
and transfer of employees from one section to another, and causing an 
overall dampening effect on an employee's motivation and integrative 
efforts. 

Even though some may consider it unnecessary to state, there should be 
a consistency between the value placed on an employee and his reward 
if he is to be effective. Many companies, however, ignore this behavioral 
principle. How often have we heard it said that a particular employee is 
the most valuable employee in the company even though he does not 
make as much as another employee who is much less valuablel Or in 
another case it may be generally recognized that the worst employee makes 
the most money. Such inconsistencies are untenable. Conditions such as 
this can only stifle efforts and result in the deterioration of an employee’s 
contribution to a company's goals. Management, therefore, should ever 
be on the alert to avoid or minimize such inequities. 

We could mention other conditions that managers should be alert to 
in attempting to effectively integrate an employee’s efforts with the firm's 
goals. Factors such as the employee’s value structures, hereditary patterns 
of thought and action, and concepts of socially desirable action all play a 
vital part in the development of an environment conducive to effective 
integration of efforts on the part of employees. Management must be 
aware of these in developing a suitable climate. 
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ORGANIZATION 

FALLACIES 

Many people seem to feel that when something is wrong in an organiza¬ 
tion the cure for solving the problem is simply to reorganize the structure. 
In most instances a reorganization cannot and will not solve all its prob¬ 
lems. It may apparently result in certain advantages, such as improved 
morale or lower production costs, but a new organization may well bring 
with it new problems, new conflicts and unrealized costs. 

With our 20-20 hindsight we can always see why our present organiza¬ 
tion structure has not worked, but what we often fail to see are the dis¬ 
advantages of a proposed new plan. Instead, the new plan is installed 
—only tqhave its problems brought sharply in focus at a later time. 

None of this is intended to imply that managers should not reorganize; 
but reorganization should be approached with extreme care. The severity 
of problems already existing in an organization should be carefully 
weighed against those that may well be created by a reorganization. 

In today's quantitative air, managers frequently attempt to quantify 
the good and bad aspects of the present versus the proposed plan of orga¬ 
nization. This is another trap to guard against because the quantitative 
approach gives an aura of objectivity to an organizational problem that 
is appealing. What we must recognize, however, is that these quantitative 
measures involve only a fraction of the total factors involved. An organiza¬ 
tion is a human undertaking involving people, their motivations and 
their interactions. As of this date, man has not been able to accurately 
subject these to a quantitative measure. 

Another fallacy of organization that some managers succumb to is that 
an effective organization is one that is running smoothly with no apparent 
friction or conflict. This may well not be the case; instead it may be the 
quiet before the storm. Overt conflicts and disagreements within an orga¬ 
nization which sharpen discussion and bring issues into sharper focus 
serve a purpose and are desirable. They frequently point out the best 
ideas and best methods to be used for accomplishing an objective. Of 
course, personality conflicts, confusion about job authority, or similar 
items which would tend to lead to antagonistic attitudes among employees 
do not promote a healthy and viable structure. 

Finally, let us not succumb to the pitfall of the total systems approach. 
While it is healthy to view the organization from a systems approach, it is 
not desirable to postpone changes indefinitely until their effect on all 
other units of the organization is studied. There are times when a hole 
in the dyke should be plugged without going into a systems study of all 
its implications. Some managers, to the contrary, get so involved in a total 
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systems analysis and study that the opportunity for effecting a change at 
the most propitious time gets lost in the shuffle. What management needs 
to do, therefore, is to make a simple and direct calculation of the effects 
on associated departments when a change is made in a particular depart¬ 
ment. If the proposed changes do not adversely affect the other depart¬ 
ments then management should consider the change without a complete 
systems analysis. Some managers might take exception to this direct ap¬ 
proach, indicating that total efficiency and harmony of actions can never 
be achieved. The answer, however, seems to lie in the final results. It is, 
in effect, a suboptimization role. If we wait for perfection in either orga¬ 
nization or action, it is probaole that disorganization and inactivity will 
loom large, neither of which is desirable. 


REORGANIZATION 

PITFALLS 

Inevitably there comes a time when a given organization structure appears 
to be ineffective in achieving the ends for which it was created. When 
such a point is reached, management frequently moves ahead in a pre¬ 
dictable pattern that may cause the reorganization to misfire. Recognizing 
these pitfalls 3 may serve to make managers aware of their existence—and 
forewarned is forearmed. 

Perhaps the most easily recognizable pitfall is that of placing too heavy 
a reliance on theory and principle. Relationships which would appear to 
be meritorious are shunted aside because they violate some cardinal prin¬ 
ciple or theory. And on the opposite side of the coin, some obviously 
strained relationships are created because of their theoretical purity and 
approbation. Good theory is good practice, and theory and principles are 
derived from observing what works in practice in most cases. But it is 
foolish to regard them as inviolate. When applied inflexibly and in¬ 
sistently they can result in a poor, rigid, ineffective structure which may 
not in many ways serve the objectives for which the structure was created. 
Instead, principles and theory should be used to define, and perhaps to 
refine, an organization structure, but never to dictate and rule. 

A second pitfall has to do with imitation. Just because a structure works 
well for one company is no sign it will be equally effective in a second 
company. One firm may be dedicated to the concept of profit centers and 
tight control, while another and equally effective undertaking with a 
different managerial philosophy may be dedicated to a high degree of 
centralized control. Yet some managers, ignoring of-oblivious to these 

3 See D. Ronald Daniel. "Reorganizing for Results/’ Harvard Business Review (No- 
vember-December 1966). pp. 97-99. 
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subtle differences, pattern their organization after their competitor's, and 
then wonder why it does not work. 

A third pitfall to avoid is that of not allowing for changes to be intro¬ 
duced into the newly reorganized unit. The assumption, though fallacious, 
. t j iat t h e ultimate organization structure has been achieved. Organization 
is a dynamic concept. In fact, perhaps what we now call organization we 
should label and think of as reorganization. Today's organization struc¬ 
ture may be tomorrow’s discard, and managers should never hesitate to 
discard the old or change the new if something better appears in the 


offing- 

The failure to mutually reinforce philosophy and structure is another 
pitfall that reorganizers should be aware of. Imagine, for example, the 
turmoil which would result from a company’s being organized on an 
international basis with a management that is virtually dominated by 
domestic thinking. Or likewise, a company whose management is wholly 
dominated by the philosophy of decentralization being organized on a 
centralized basis. These may be obvious disparities but they serve to illus¬ 
trate the type of failure that will result when philosophy and structure 
are not in harmony. 


Finally, management should be aware that reorganization has to be 
implemented. Redrawing the organization chart does not reorganize the 
company. Changes and shifts must be made on an announced, step-by- 
step basis so that all will know the nature of the changes and so that those 
involved will be aware of their new relationships and duties. 


CONCLUSION 

The nuances covered here are in no way exhaustive, but they do illus¬ 
trate the type of subtleties that managers should be aware of in their 
attempts to develop a suitable organization structure. 

A successful organization is not a inass of charts and machines but a 
mass of men. It is a viable creature created by man with all the problems, 
innuendos and foibles that man possesses. To be effective, therefore, a 
manager must employ all his skill to create the proper environment in 
which this organization can exist. 


STUDY QUESTIONS 

1. What is the importance of leadership in an organization? Which is more 
important—a good leader or a good product? 

2. What is the informal organization? How should it be used? 

3. Why do most organizations wish to maintain a status quo relationship? 
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4. Is change necessary in an organization structure? Explain. 

5. What are the inefficiencies of a large span of management? 

6. Which do you think is better: a large span of management with few levels; or 
a small span of management with many more levels? Why? 

7. List some of the inefficiencies that would stem from personal (social) dissatis- 
factions among employees. 

8. Discuss the problems and inefficiencies associated with functional organiza- 
tions. 

9. What approaches should management take toward integrating employees' 
efforts with the firm’s goals? 

10. Discuss the major reorganization fallacies and pitfalls, indicating what should 
be done in each instance. 
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A key responsibility of the contemporary manager is the 
continued improvement of his firm's products and processes. 
In fact, this function is so vital to the viability of modern 
enterprises that today a great amount of time and effort are 
being focused on the establishment and operation of orga¬ 
nized research and development programs. 

The amount of money spent by U. S. industry for research 
and development in 1969 was in excess of $20 billion, and 
plans for subsequent years call for an optimistic increase 
of about 25 percent. This is a staggering allocation of funds 
and we may well ask ourselves if the results warrant the 
expenditures. 

The answer appears to be in the affirmative because 
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whether or not a company is still operating twenty years from now and 
what kind of product it will be making and selling at that time will be 
determined more by what happens in the research laboratory today than 
in either the accounting office, the sales office, or the production office. 
In fact, many of our nation’s leading managers have indicated that one 
of the most significant changes in business during the past twenty years 
has been the realization that scientific research and product development 
are important for a continuing healthy industry. 

We have only to look about us to see the results of our scientific re¬ 
search. In a short span of years we have moved from wagons to jets, from 
kerosene to laser beams, and from crystal sets to television. Ours is an 
economy of change resting squarely on research. The average life span 
of many products today is less than ten years. Many common medications, 
for example, were still in the research stage a decade or so ago. In fact, 
in recent years over half of Schering Corporation’s sales were of products 
which were not on the market five years prior. On the average, United 
States businessmen expect 17 percent of their 1971 sales to come from 
products not on the market in 1969—new products from research and 
development efforts. And in some industries, such as aerospace, expecta¬ 
tions for 1971 show 49 percent of sales to be in products not available in 
1969. 1 Because of research, today’s automobile lasts twice as long with an 
average lifetime mileage four times greater than its counterpart twenty- 
five years ago, and today we expect 40,000 or 50,000 miles from radial tires 
instead of 18,000 or 20,000 from a conventional tire. 

To indicate the importance of research to du Pont, the story is told 
that in the midst of the depression when Lammot du Pont was presi¬ 
dent, a research budget which had been pared because of the depressed 
economic conditions came to his attention. Turning to the research direc¬ 
tor, du Pont declared, "It is more important to carry on research than 
to pay dividends." This little incident not only serves to emphasize the 
importance of research to du Pont, but also gives us some idea of the 
major part industrial research plays in American industry. Indeed, in 
many companies today research activities are held on the same plane as 
production, sales, and finance. 


DEVELOPMENT OP 
INDUSTRIAL RESEARCH 

Industrial research is as old as industry itself, but only in relatively re¬ 
cent years has it been recognized as a function essential to the survival 
of many firms. Science and research in industry actually began in a small 


i "The Cash Pours Out for R k D.” Business Week (May 18, 1969), pp. 72-73. 
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y about 1900, when a group of far-sighted business leaders began to 
establish small research laboratories to work on special problems. With 
partial success to their credit, the leaders contributed more funds, and 
expansion was fairly steady. 

During the past twenty years the number of research laboratories has 
increased by leaps and bounds. In fact, if today we considered research 
as a business it would rank among the country’s leading dozen manufac¬ 
turing industries. It is twice the size of either the tobacco or rubber 
industry and nearly as large as the paper industry, with employment at 
about 350,000 and an annual budget estimated at over $20 billion. All 
this growth has taken place over a relatively few years. Today’s annual 
^search expenditure by industry is approximately five times the dollar 
value of its total research during the entire duration of World War II. 
During the decade of the 1940s, industry is estimated to have spent 
approximately $11 billion for research. In the 1950s the aggregate was $51 
billion, in the '60s it was in excess of $160 billion, and in the decade of 
the ’70s it may well exceed $250 billion. These tremendous expenditures 
by industry and the government again help emphasize the importance 
attached to the total research function. 


NEED FOR RESEARCH 

The reasons for these increases in research expenditures vary. National 
security and space probes, for example, have had a tremendous impact on 
governmental research expenditures. Technological competition on the 
industrial scene has had its impact. Many firms, for example, engaged in 
extensive research programs have made giant strides with marked com¬ 
petitive advantage, thereby spurring their competitors to also participate 
in research and development programs. Another but lesser reason for its 
growth is that during prosperous economic conditions such as those 
recently experienced, money is more plentiful and management is prone 
to release large amounts for research in order to be classified as a "progres¬ 
sive” company. Research, in this sense, is a prestige item. Of more impor¬ 
tance, however, is the 1954 change in the Internal Revenue Code allowing 
management to write off research expenditures as current expenses rather 
than having to capitalize and depreciate them over a longer period of 
time. Finally, as you might expect, the lure of greater profits is one of 
the strongest motivating forces. A recent expenditure by Coming Glass 
Works of $12,945,628, for example, was based on their conviction that 
growth and profitability could best be assured by large-scale research and 
development efforts. This expenditure by Corning represented 4.9 percent 
of their sales for the year and totaled more than twice the amount they 
spent for research and development five years prior. Along this same line, 
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IBM spent in excess of $30 million in 1969 for company funded basic 

research. ... . . 

As one might expect, a positive correlation does seem to exist between 

research expenditures and profits. The top three industries in a six-year 
study, for example, spent an average of 5.7 percent of sales on research, 
and during that period profits increased 52 percent. Research expenditures 
of the middle three industries during the same period were 0.9 percent 
of sales and profits increased 9 percent. In the bottom three, however, 
only 0.2 percent was allocated for research and profits shrank by 3 per¬ 
cent. We cannot deduce, of course, that the way to increase profits is to 
increase expenditures on research. Some firms fail despite research ex¬ 
penditures. Others succeed with little or no allocation of funds for indus¬ 
trial research. The figures, however, do tend to indicate the value that 
can be placed on industrial research efforts. 


TYPES OF RESEARCH 

Research is usually classified as either pure or applied. 

Pure research probes nature's secrets and attempts to find out why and 
how certain phenomena come into being. Pure research may be thought 
of as uncommitted research to advance the boundaries of knowledge but 
with no thought being given to the practicality, utility, or specific com¬ 
mercial applications of the project. 

It is not unusual, however, for pure research to lead to practical appli- 
cations. For example, many years ago Irving Langmuir discovered that 
high heat transfer rates could be accomplished at normal atmospheric 
pressure by the dissociation and recombination of hydrogen. Having dis¬ 
covered this, Langmuir wondered if it might have any practical use in 
such areas as welding. This lead to experimentation and development of 
the well-known atomic hydrogen-welding process. His initial experiments 
were not motivated by any thought of an end product or process. 

Langmuir’s subsequent experiments, however, were aimed at the de¬ 
velopment of a new welding process employing his initial pure research 
discovery. This second phase of his research is an example of applied 
research. 

Applied research deals with solving problems that will have a direct 
bearing on product utility, consumer demand, and the like. Applied re¬ 
search is usually aimed at solving a particular problem which will increase 
the profit potential of a firm. 

Research can also be classified as to duration. "One-shot" research is 
the type applied to developing a research project aimed at finding a fast 
and expedient way out of some difficulty. After the problem is solved, 
the research program is dissolved. This type of research is criticized by 
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research men because they feel that their efforts are not being utilized to 
!he fullest—that they should have been called at the very beginning to 
do basic research on the product, its performance, and customer demands, 
and not called at the eleventh hour when conditions were critical. 

In contrast to one-shot research, many leading firms practice continu¬ 
ous research. General Foods and Procter & Gamble are perhaps most 
frequently pointed to as the best examples of firms practicing this type of 
research. Extolling the virtues of continuous research, a research director 
for General Foods pointed out that continuously building on previous 
research yields several desirable results: (1) money is saved because re¬ 
searchers can explore ways for the company to exploit its markets fully, 
(2) research men have time to plan and work carefully for a definite 
sequence thereby avoiding repetition, and (3) continuous research deter¬ 
mines where the danger spots are before they develop into major prob¬ 
lems. 2 


WHO DOES RESEARCH 

Industrial research is being carried on for the most part by individually 
owned and operated laboratories, by industry supported research in uni¬ 
versities and colleges, by independent research organizations (the Armour 
Research Foundation in Chicago and the Southern Research Institute in 
Birmingham, for example), and by the government supported research in 
industrial laboratories, government laboratories, and institutions of higher 
learning. 

Although they are often not aware of it, many small companies with 
no research departments do considerable research. The research in these 
companies, for the most part, is being carried on by individuals such as 
plant engineers and foremen in an attempt to develop new processes, 
develop new equipment, improve current products, lower manufacturing 
costs, reduce wastes, and perhaps develop additional demands for the 
product by exploring possible new uses. 

When a concern has to go outside its own company for research help, 
several sources are available. It may, for example, participate in a cooper¬ 
ative research endeavor. These are often research centers supported by 
a group of firms or a trade association. In cooperative research centers no 
competitive advantage is offered a single company. Instead, all partici¬ 
pants share in the research results. 

Research consultants as well as suppliers of equipment are available as 
outside research sources. In fact, equipment suppliers are often well 
equipped to undertake, at no charge, research on special projects for their 


2“Why Research Should Never Stop" Printer’s Ink (March 14. 1958). p. 69. 
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customers. Suppliers may, for example, develop new products, determine 
reasons for production problems or find new material applications in 
their attempts to find ways and means of selling their products to cus¬ 
tomers. . 

Academic institutions and government agencies are also available as 

outside sources for research. They are not often used by smaller concerns, 
however, because (1) the fundamental nature and objectives of research 
in universities are not conducive to meeting the specific problems of the 
firm and (2) government research, though free, is often indirect and can- 
not be directed at a firm's specific problem. 

Commercial laboratories and independent foundations make up the 
last two sources for industrial research. Commercial laboratories probably 
do more product testing and analysis than applied research. Many are, 
however, well equipped and staffed to undertake special research prob¬ 
lems. The bulk of the money spent on outside research goes to the fifty 
nonprofit independent research foundations whose annual gross revenue 
ranges from 5 to 20 million dollars. 


INDUSTRIAL RESEARCH 
DEPARTMENTS 

Setting aside funds, space, and personnel for research is relatively new 
on the scene of American corporations, especially medium sized ones. 
Within the last two decades, however, a larger number of research depart- 
menu have been organized. For the most part these departmenu are 
headed by a research director who reports to a member of the top execu¬ 
tive staff, perhaps a vice president. 

The functions of these departments vary with type and size of the 
firm. Research departments in smaller firms, for example, have broader 
duties than those in larger companies. In general, however, research 
departments are usually expected to perform the following important 
functions. 3 

1. Improve current products. A product never is completely perfected 
nor perfect, and continuing research for product improvemenu is impera¬ 
tive if a firm does not want to be stranded in a pool of technologically 
stagnant merchandise. 

2. Develop new products. This function is particularly important to 
those companies where technology moves at a fast pace. It includes not 

3 Adapted from Maurice Nelles, "Functions of Research and Engineering," Engi~ 
neering and Research in Small and Medium Size Companies (New York: American 
Management Association, Inc., Research and Development Series, No. S, 1957), pp. 


PRODUCT RESEARCH AND DEVELOPMENT 


133 


nlv internal research, but also keeping up with other companies' new 
roducts and evaluating them with respect to competitiveness and possible 
adaptation and use by their own company. 

3 Protect the company's patent position. Where full-time patent at¬ 
torneys are not retained by a company, the research department has the 
responsibility of liaison work with outside patent attorneys to evaluate 
newly issued patents to make sure competitors are not infringing on the 

company's patent position. 

4 plan for the future. Research essentially deals with the future, and 
research personnel are in a strong position to aid management in plan¬ 
ning for tomorrow's product and tomorrow’s work. 

5 . Test products. Experimenting and testing deal with analyzing and 
evaluating a competitor's product as well as our own. The objective is 
to indicate its attributes, weaknesses, and possibilities of substituting for 
other products currently on the market. 


6 . Give scientific advice. Frequently the best scientific personnel in a 
firm work in the research department. It is not uncommon, therefore, 
for management to look to the research departments for scientific advice 
and explanations about products, processes, and phenomena. 

7 . Evaluate diversification possibilities. The research department is in 
a unique position to advise management on the technical and scientific 
aspects of possible acquisitions and how they would relate to the company 
and its capacities. 


8 . Help evaluate scientific markets. Although the sales organization 


has the responsibility for market evaluation, the research department 
often can be of real aid to the sales department in evaluating a particular 
technical or scientific market. This is especially true where the company 
is considering developing a new product for a scientific market. 


NEED FOR PLANNING 
IN RESEARCH 

For research efforts to be profitable and productive, both long-range and 
short-range planning is an apparent necessity. Just a moment’s thought 
will indicate why this is true. 

Profits have been almost constantly squeezed since World War II by 
rising costs, government regulations, and increased income taxes. Long- 
range research with a sustained effort aimed at cost reductions and in¬ 
creased capital efficiency can surely help minimize this situation. In addi¬ 
tion, product research aimed at developing new and highly profitable 
products can also help overcome the profit squeeze problem. 

A second reason why planning in product research and development 
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is needed is the changing nature of the final consumer market for prod¬ 
ucts. Shifts in age groups within the population structure in future years, 
for example, may dictate a declining market for a given product. Like¬ 
wise, changes in population growth, shifting income levels, changes in 
living habits, and so on make necessary a long-range plan for what the 
consumer will require. This, in turn, calls for a planned approach to 
research and development within a well-integrated organization system. 

Another compelling need for planning in research and development is 
to make adjustments for current product obsolescence and technological 
advances. Much textile research, for example, is aimed directly at non- 
woven products because textile managers recognize that the inefficiencies 
of weaving will soon be replaced by new processes made possible by a 
technological breakthrough. Perhaps all fabrics will be knitted, or maybe 
they will be laminated instead of being woven one thread at a time. 
Whatever the change, textile research and development needs to be work¬ 
ing in this field so as to be prepared for the change. 

Finally, we live in an age of science and research which constantly 
creates new products and new technologies. The rapidity with which 
changes are made demands that firms be engaged in some type of pro¬ 
gram of research simply to maintain a relatively static position in the 
economy. If. however, they desire to forge ahead with product innova¬ 
tions, then a well-planned research program looking to the future is a 
must. 


MARKET RESEARCH 

Assume that you are a manufacturer of after shave lotion and want to 
keep your company growing and financially strong. To do so you will 
need to know what odor men will prefer four or five years from now, the 
type of bottle which will cause them to use your brand, the most appro¬ 
priate name to call a new after shave lotion, the retail outlets men (and 
women) most frequently use to purchase your product, the time of year 
when sales are the greatest (for purposes of advertising and production), 
and so on. To find the answer to these and similar questions, managers 
frequently turn to a particular type of research called market research. 

Market research has to do with gathering, recording, and analyzing 
the facts and problems pertaining to the sale or transfer of goods and 
services from the producer to the consumer. Market research, for example, 
would be used to determine whether or not a large enough market existed 
for your after shave lotion or whether or not it would meet a need and be 
favorably received by the consumer. Market research can also be used to 
determine the size of the market in total, as well as show market size by 
geographical area, type of buyer, income strata, and the like. These are 
the types of things that management needs to know. Indeed, in running a 
business most executives want to know where their firm stands with re- 
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spect 


to 


the total market potential, the percentage of the market their 


V oetitors are getting, the way in which their competitors do business, 
nd how the consumers rate their products as compared with their com- 

titors' products. These are areas in which market research can be of 

real help- 

An indication of the emphasis placed on market research by industry 
s its annual expenditure of over $200 million to find answers to the types 
of questions posed above. Imagine what would have happened without 
market research when General Electric within a few month’s time placed 
on the market an electric knife, a new TV, a self-cleaning electric oven, 
and an improved caulking compound. Or when Bristol-Myers Company 
on one single day offered the consumer three new products: Score hair 
cream, Ban cream deodorant, and Softique bath oil. To introduce a 
few 4products to the market, it is not unusual for companies to spend 
$10 million over a two-year period. 4 With this as a guide imagine the ex¬ 
penditure on more expensive items such as automobiles. General Motors, 
in fact, increased their research budget by 75 percent in the five years 
following 1959. 

Yet, even with such large expenditures, four out of five new products 
fail after being introduced. 5 Why, we might ask, do companies engage 
in research in the face of such failure. Our answer would be that though 
research is valuable, it is not guaranteed to give the final answer. It does, 
however, help to minimize expensive failures by providing management 
with additional data thereby placing management in a better position 
to make a sound decision. 


MOTIVATION RESEARCH 

Motivation research is a particular type of market research. It has to 
do with discovering the "rear’ or underlying reasons why a person buys as 
he does—reasons that the consumer himself is often unaware of. It has 
been described as a quasi-combination of Freudian psychology, social 
science, and a good bit of objectivity. 

M. R. (Motivation Research) has been responsible for some significant 
changes in the advertising of consumer goods. For example, Marlboro 
cigarettes were marketed for years in a white package that women smokers 
appeared to favor. In 1955, Philip Morris, makers of Marlboro, decided 
to expand their market by going after the twice-as-large male cigarette 
market. The Color Research Institute was called in to determine the 
color combination which would give the package bold masculine over¬ 
tones and thus most appeal to men. A red-topped package was advised, 

4 "Scouting the Trail for Marketers,” Business Week (April 18, 1964), p. 91 

5 Ibid. 
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and advertising was started showing tattooed men engaged in masculine 
work and hobbies, smoking cigarettes from the red-topped package. To¬ 
day, the familiar Marlboro trademark is a rugged cowboy in Marlboro 
Country. 

Another practical example of applied M. R. was in the sale of instant 
coffee. When first placed on the market, instant coffee was touted as 
being easy to make, quick, and time saving. All these advantages were 
figured to appeal to the busy housewife. Sales, however, did not respond. 
Motivation researchers were called in to find out why the product was 
not selling. To do this, they gave grocery lists to housewives and asked 
them to identify the type of housewife from her purchases. The lists 
were identical except that some lists showed instant coffee as one of the 
items, while other lists showed regular coffee. The women invariably 
classified the instant coffee housewife as lazy and shirking in her home¬ 
making duties, probably because the advertising of instant coffee had been 
directed toward the ease and speed of making it. With this development, 
the coffee makers shifted their advertising to one of thrift, and also sug- 
gested that the housewife simmer the coffee to bring out the flavor. As we 
all know, instant coffee is now well entrenched in American homes. 

M. R., however, is not being hailed as the answer to all merchandise 
problems. Some companies, such as Scott Paper Company and General 
Mills, have used M. R. from time to time, but speak cautiously about it. 
In general, common opinion seems to hold that M. R. has been of real 
help in giving companies new ideas about marketing problems, as well as 
having given them new insights in consumer buying behavior and adver¬ 
tising angles. This is about as far as most companies will go. The over¬ 
all marketing problem is too complex to give one single factor such as 
M. R. full credit for increase in sales or a shift in consumer preference. 


DYNAMIC RESEARCH 

Marketing research has taken still another turn in its so-called dynamic 
research approach. This approach stresses the observation of individuals 
under either actual or simulated consumer situations, centering its atten¬ 
tion on how consumers interact with each other rather than on what 
their reactions are to a given product. Thus, where the motivation re¬ 
search analyst might find that a man wants a convertible because it makes 
him think of a mistress, a dynamic research analyst may well forecast 
that the man will buy a four-door hard-top because of his family require¬ 
ments. 

In contrast to M. R., it is claimed that dynamic research tries to get 
consumers to volunteer their ideas without knowing that they are doing 
so. In group interviews, for example, the dynamic researcher may give 
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only the slightest hint of his problem, letting the group discuss what they 
will-" ho P in 8 lhat they touch on his area of interest. This nondirec¬ 
tive approach is vital to the process, proponents say, pointing out that 
Ford's failure with its Edsel was because of its failure to use dynamic 
research. Somewhat ironically, the Edsel was hailed as the car M. R. had 


designed. 

A broader view can also be developed by the use of dynamic research. 
General Foods Corporation, for example, uses the process to find out what 
new products consumers want, then tells the labs to develop them—rather 
than develop a product which has to be sold to the consumer. 

Some researchers, however, are not overly enthusiastic about the dy¬ 


namic approach, indicating that many problems of group control can 
destroy or distort the study. Still others, however, feel that as a new ap¬ 
proach, it has many advantages to offer the market researcher. 


RESEARCH FOR PRODUCT 
DEVELOPMENT 

Product development is a phase of research that has to do with antici¬ 
pating and meeting changing consumer wants and needs. Through prod¬ 
uct development a company attempts to maintain its sales position, its 
profit margin, and its share of the market. Because of research and product 
development, we live in a world of new models and new products—a 
world of jet aircraft, atomic reactors, electric watches, manmade moons, 

and streamlined trains. 

Products can be developed in one of three ways: (1) by imitation, 
(2) by adaptation, and (3) by invention. Product development by imita¬ 
tion consists of marketing another product similar to one on the market. 
For example, the introduction of a king size cigarette by one company, 
following the successful marketing of such a cigarette by another com¬ 
pany, would be product development by imitation. Developing products 
by adaptation concerns itself with developing an improved product for 
an already existing market. An illustration of this type of product de¬ 
velopment is the introduction of the electric wristwatch. Finally, the 
success of product development by invention, nylon for example, is de¬ 
pendent upon whether or not the product meets the needs of the con¬ 
sumer. 


PRODUCT DESIGN 

Equipment and products were often designed in the past with one ob¬ 
jective in mind, that being for the product to function well mechanically 
and electrically. Little or no thought was given to ease of manufacture 
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or to simplicity and convenience in using the product. World War II, 
however, with its demand for complex war machinery brought the total 
question of product design into sharper focus. The problems of faster 
manufacture and of the relationship between the products and the men 
who used them were of life and death importance in many instances. To 
help solve these problems, management in many firms called on their 
product research personnel to work closely with designers. The result of 
this team's work was significant and made a positive impact on manage¬ 
ment's concepts about design procedures. 

Today, good product design incorporates features desired by the con¬ 
sumer as well as the producer. To make manufacturing easier and faster, 
for example, designers often include grips and bosses on products for 
easier handling and packing, and where possible, one-piece castings are 
often substituted for multiple-piece assemblies. In addition, greater em¬ 
phasis is being placed on designing a product with the ultimate user in 
mind. This type of design includes factors pertaining to the operator, 
the product, and the place of use. 

In developing and designing new products, however, we often find 
conflicting interests between the sales organization and the manufacturing 
group. The typical salesman always want to have a large number of 
product styles to offer his customers. He wants product diversity and 
custom-made items. From the production manager's viewpoint, however, 
this is not desirable. His entire emphasis is on producing at minimum 
cost, and he contends that a variety of products increases his cost and 
delivery time. What he would like best would be to manufacture one 
product only and turn that out in large numbers. He could then reduce 
training costs, labor would become more familiar with and proficient at 
their jobs, specialized and more efficient machinery could be used, and 
the advantages of specialization and standardization (to be discussed 
in the following chapter) would be achieved. 

The objective of a firm, however, is to supply a product that the con¬ 
sumer wants in order to make a profit, and this objective often cannot be 
achieved by offering only one or a few product styles. Different con¬ 
sumers often demand different product designs. A larger variety of styles 
and products is frequently more appealing to customers and thus induces 
them to buy. Pointing out these and similar factors, the sales organiza¬ 
tion demands diversity, whereas the manufacturing group desires one or a 
few products that they can produce more cheaply. 

The product design engineer can often do much to bring these con¬ 
flicting interests into harmony. By designing products with a few appear¬ 
ance differences, he creates the illusion of product diversity. This, of 
course, is what most major automotive manufacturers do. They have 
one basic body shell, but they offer a variety of styles by relocating chrome 
and changing colors. 
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e 7.1. The steering wheel on the left, developed through research, is considered 
nod design because the spokes form a natural resting place for the hands, thus reduc- 
? driver fatigue. The elimination of the third spoke and top half of the horn ring 
•creases visibility and safety. (Courtesy Advanced Management. Advanced Management 
' the original publisher of an article entitled "Human Factors in Industrial Design" by 
'[)r Jack W. Dunlap, from which this illustration is taken.) 



Figure 7 2. Incorrect design of standard pliers cause strain in gripping. Product re¬ 
search developed improved design on the right. (By special permission of Modern Manu¬ 
facturing formerly Factory), April 1966. Copyright by McGraw-Hill Book Company, 
Inc.) 


But good product design must include more than these factors. In¬ 
deed, a well-designed product must be functional and easily maintained. 
Not only does the consumer desire a product that serves its purpose, he 
also wants one that is easy to clean, adjust, and repair. He wants one 
with low maintenance costs. These are often important to him and may 
well be valuable selling features for many products. Thus, the design 
engineer must keep the consumer, the salesman, and the manufacturer 
in mind when he develops new products. His is the task of achieving 
the right design balance to satisfy the demands of these three. 


HO 
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SOURCES OF 
NEW IDEAS 

Ideas for new and improved products come from many sources. They 
often grow out of consumer requests and questions. Because of this, 
many firms attempt to keep in close contact with consumers, listening to 
their every thought, complaint, and desire. Ideas for new products also 
come from within the organization, particularly the research gToup. Sug. 
gestion programs sometimes serve as an incentive to spark an idea for 
product improvements. What a competitor is doing often provides an 
impetus for product development. For example, if a competitor stream¬ 
lines his product, we will have to do the same thing, only better, or lose 
some of our customers. Occasionally, a casual remark by a plant visitor 
sets off a chain reaction which leads to a new product. 

Thus, new ideas for products come from various sources. What man¬ 
agement must do is not only look for new ideas, but foster an atmosphere 
of open-mindedness for new products so that when an idea is bom it will 
not be cast aside by a foreman's remarking, "Oh. that will never work.” 
Instead, any remotely feasible idea for a new product should be subjected 
to a careful and systematic evaluation in an attempt to determine its 
potential. This is part of the overall operation of planning for new prod¬ 
ucts for profit. 


PLANNING FOR NEW 
PRODUCTS 

No sure-fire way exists to evaluate a proposed product’s productive feasi¬ 
bility, its marketability, or its profit potential. However, the experience 
of many firms shows that the process of developing new products contains 
six steps that can be fairly well defined: 6 (1) exploration, (2) screening, 
(3) specifications, (4) development, (5) testing, and (6) commercialization. 
Because most new products logically go through these steps, they may well 
serve as planning mileposts and control points. 

1. Exploration. This is the search stage in which ideas for new prod¬ 
ucts are sought. In this stage of product planning, careful attention is 
given to developing products that meet company needs, fit within overall 
company policies, and meet company objectives. 

6 "How CO Plan New Produces." Iron Age (October 17, 1957), pp. 85 ff. 



PRODUCT RESEARCH AND DEVELOPMENT 


141 


2 Screen 11 * 0 - Screening consists of a preliminary evaluation to de- 
'iie whether the idea has possibilities and should be further pursued, 
whether it should be dropped. In this phase of preliminary evaluation, 
questions such as the following should be asked about the product: 7 

What is the approximate market for this new product in units and in 
dollars? 

Can this product be sold by the existing sales force, agents, or dealers? 
Are any serious difficulties foreseen in producing; e.g., additional equip¬ 
ment. new process, unusual skills, costly operations? 

Are there any important patents, licensing agreements, or other legal 
restrictions which affect either the manufacture or sales of this product? 
Will there be any serious difficulty in obtaining raw material, personnel, 
and so on? 

f. How much money will be needed for the production and distribution of 
this item? 

g. Can financing be obtained and at a reasonable cost? 

h. What is the estimated cost of production, selling price, and gross 


a. 

b. 

c. 


e. 


margin? 

i. What effect will production and sales of this item have on existing sup¬ 
pliers, customers, employees, investors, and management? 

j. Are there any unusual features inherent in this situation that need 
special analysis? 


3. Specifications. If the proposed product passes the screening test, 
it is then expanded into a realistic business recommendation. In this step, 
a more thorough analysis is made of the marketability of the product, 
the features that consumers may desire, and competitors' probable actions. 
Finally a schedule and budget are established for prototypes or models. 


4. Development. This step consists of transforming an idea for a 
product into an actuality. Prototypes of the new product are built so they 
can be shown and demonstrated. 


5. Testing. This is a critical stage where the worth of the original 
product idea and the judgment about its feasibility are proved or dis¬ 
proved. Sample products are market tested, and user reactions are ana¬ 
lyzed. In addition, faults and flaws in the design of the product, as well 
as the way it is made, are studied. When a final agreement is reached 
on the exact specifications for the product, the design is "frozen,” that is, 
no additional design changes are made. The product is then ready to be 
produced. 


7 Frank L. Roberts, "Reducing the Risks in Product Developra^t." Management 
Aids for Small Manufacturers, No. 82 (Washington. D. C.- Small Business Administration, 
April 1957). 
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6. Commercialization. This is the final step in the series and is the 
one with which we are most familiar. Commercialization consists of all 
the actions involved in full scale production of the product, advertising 
and selling the product, and pledging that the company with its resources 
will stand behind and guarantee the new product. 

The steps taken by one company in the development of a new product 
are illustrated in the following schedule of Black and Decker's develop¬ 
ment of their magnetic drill: 


Product Development Time Table for Black and Decker’s Magnetic Drill 8 


1953 

1954 

1955 (Dec.) 

1956 (Mar.) 


1956 (July) 

1956 (Oct.) 

1957 (April) 
1957 (Aug.) 


Interest aroused in potential market. 

Product development committee directs engineering to look 
into and work up tentative cost of development. 

Product development committee full scale investigation by 
engineering and marketing research. 

Market research reports to product development commit¬ 
tee and engineering is authorized to place drill on produc¬ 
tion schedule. 

Working model available—sent to field. 

Approval of final design—drawings released to production 
for manufacturing. 

Assembly date for production. 

Sales department campaign announced. 


CONTROLLING COSTS FOR 
RESEARCH AND PRODUCT 
DEVELOPMENT 

Industrial research in recent years has met with sweeping success and 
with it has come a change in management's attitude about the profita¬ 
bility of research departments. These departments are now being run in 
somewhat the same manner as other departments. In some companies, 
for example, budgets are formulated for research departments, time sched¬ 
ules are placed on their work, and their output is tabulated. These strict 
measures, however, are to a degree self-defeating instead of controlling, 
because they tend to hinder the researcher instead of spurring him on. 
Researchers work best in an atmosphere of patience and faith because 
invention cannot be scheduled in advance, nor can the coat of discovery 
be precisely predetermined. Yet management cannot turn kxxe a team 
of men in a laboratory to wander freely and investigate at vast cost their 
every whim with no thought of product or profitability. Faced with this 
dilemma, management has tried to find some means of evaluating and 

8 "How a New Product Developed—From Idea to Market," Iron Age (December 
5. 1957). p. 91. . • 
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HiM the work of research departments, and at the same time not 
hinder their research efforts. 

One device which has been successfully used is a project schedule jointly 
ared by the research worker and the research director. Also, expense 
P 1 j ts j or projects are used by some firms for control. When the funds 
ihese budgets have been expended, the research director must show 
1,1 additional funds should be made available for the project. His report 
^ually indicates positive results that have been achieved in the project 
search the probable outcome, and expected economic results if the 
project is allowed to continue. 

V No single way, however, has been devised to control costs in all re¬ 
search situations. Instead, one of the best guarantees of adequate control 
is a competent research director who has the unique ability to compre¬ 
hend the technical mind and at the same time understand management’s 
inherent interest in dollar income and outgo. 


COSTS OF RESEARCH AND 
PRODUCT DEVELOPMENT 
PROGRAMS 

Some companies spend fabulous amounts on research and product de¬ 
velopment. North American Aviation, for example, is reported to spend 
over 40 million dollars annually on research. Du Pont employs over 2,100 
men and women engaged directly in research and, in addition, employs 
another 3,300 employees to assist these direct researchers. Excluding con¬ 
struction cost, du Pont today spends over 60 million dollars a year in its 
total research program. These figures are indicative of annual research 
expenditures in some companies. 

The capital costs of equipping modern research laboratories are even 
higher than one would imagine. No longer are labs equipped only with 
microscopes, oscilloscopes, and the like. Today, a well-equipped research 
laboratory may include such items as hydrogen guns, electron beam weld¬ 
ing guns, optical callimeters, and for the ultimate, an atom smasher. Of 
course, the government is usually the only one who can afford large atom 
smashers such as the $31 million unit at Brookhaven National Laboratory. 
However, excluding these atom machines, consider the following costs of 
laboratory equipment: G. E. has completed a $6 million space simulator 
at its Valley Forge Space Technology Center, Lockheed’s Sunnyvale, Cali¬ 
fornia plant has a 55-ton, $3.5 million "space chamber" in operation, and 
perhaps the most fantastic is Stanford University’s $114 million long 
linear accelerator. Supported by federal funds, it is able to fire bursts of 
electrons into atomic targets at the end of a two-mile tunnel, thus allow¬ 
ing physicists to study, among other things, what happens to electrons 
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approaching the speed of light. At the present rate of technological prog- , 
ress, annual expenditures for research equipment alone may well double 
to $6 or $7 billion by 1970. 

The annual cost of operating even a modest size research department 
is also expensive. The annual salary for an average researcher, for ex¬ 
ample, is between $12,000 and $ 18 , 000 , with his required assistant com¬ 
manding about half that much. Minimum equipment, excluding build¬ 
ings and fixed facilities, for each research scientist in an average laboratory 
is estimated to cost about $20,000, though it may well exceed this for some 
projects. 

Using these costs as averages, a team of five research scientists, each 
with assistants, would require a budget of between $120,000 and $150,000 
per year. In addition, approximately $75,000 worth of equipment would 
be needed, not to mention housing and other physical facilities. From 
these figures we can estimate that a company considering a research de¬ 
partment should be prepared to spend over $125,000 per year to support 
the activity. In fact, some business men state that if a small company can¬ 
not provide a research budget of over $125,000 per year for five years, it 
cannot afford to operate a research department. Large companies like G.E. 
or G.M., on the other hand, spend over $300 million per year in research. 


NEED FOR RESEARCH 

Industrial research is almost a must for healthy growth in any competi¬ 
tive field. In fact, research is frequently demanded to help develop new 
products, improve old ones, and keep abreast of competition. 

Today, a well-conceived plan of industrial research is characteristic of 
forward-looking management. It clearly indicates management’s faith in 
the future and its desire to provide better products to meet changing con¬ 
sumer needs.* Maintaining a status quo is seldom enough in our econ¬ 
omy. No matter how smoothly a firm is operating, it is almost a cer¬ 
tainty that the day will come when research will be needed to solve some 
problem, to overcome some difficulty, to develop a new product, or to 
improve an existing design. , 

Industrial research, though expensive, often pays dividends in the 
form of better competitive positions and bigger profits. As a company 
grows and develops, a point is reached where most firms can no longer 
afford to follow and imitate if they want to continue to prosper. Instead, 
they must compete by offering their own original and improved products 
developed through research. Though the cost of this research is dear, 
oftentimes the cost of no research is dearer. Even if a company cannot 
afforA its own research program, it should avail itself of the services of 
some of the independent research facilities whose purpose is to meet such 
needs. 
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F j, ure 7.S. Correct handle designs developed through research ease muscular exertion 
and prevent slippage. (By special permission of Modem Manufacturing ( formerly Fac¬ 
tor))* April 1966. Copyright by McGraw-Hill Book Company, Inc.) 


IMPACT ON 
MANAGEMENT 9 

As may well be expected, the impact of research and development is 
being felt by management in the problems it is called on to solve as well 
as in the capabilities it is required to possess in order to manage this new 
look in business. With this increase in research and product develop¬ 
ment, a manager must rely more and more on his capacity to under¬ 
stand technical evaluations of new products and processes, thus calling 
for an informed manager capable of making more effective and scientific 
decisions. As might be expected, emphasis is steadily increasing on an 
awareness of future changes rather than on today’s business. Thus, man¬ 
agement will have to plan ahead for future products, future production 
techniques, and future distribution channels in order to remain in busi¬ 
ness and realize an effective profit. Finally, today's manager must develop 
patience with his firm's research endeavors. Research, as we have said 
before, cannot be scheduled and controlled like a production process. 
Creative endeavors are at best somewhat erratic and haphazard. Risk is 
inherent in any research endeavor, with a success rate of one out of three 
or one out of four considered good. The progressive manager must, there¬ 
fore, learn to live with and tolerate this uncertainty—yet at the same 
time recognize a workable maximum which his firm's economic condition 
will allow. 

9 For a complete discussion see Robert B. Young and Yale Brozen. R & D in Indus¬ 
try, Report No. 90 (Menlo Park. California: Stanford Research Institute. February. 1961). 
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STUDY QUESTIONS 

1 . What arc the salient features of dynamic research? Where and why is it used? 

2. Explain how motivation research differs from dynamic research. 

3. What importance do most companies place on research? Give examples. 

4. As the owner of a local restaurant, would you engage in market research? 
Product research? Product development? Why? 

5. How extensive is research in government and business today? 

6. Of the eight functions of a research department, which four do you think 
are most important? Why? 

7. What advice should you give a tire recapper who asks you about the need 
for research in his particular business? 

8. How does good product design reflect many points of view? Explain. 

9. Summarize briefly the total impact that product research has had on man¬ 
agement. 

10. Considering imitation, adaptation, and invention, which do you think would 
be the most profitable for new product development? The easiest? The least 
expensive? 
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In the previous chapter we discussed product research and 
development. As you recall, we found that the sales organiza¬ 
tion in most firms wanted product variety so as to maximize 
consumer choice and sales. In addition, we learned that in 
many instances the customers’ demands also made product 
diversification imperative. In attempting to satisfy this de¬ 
mand for variety from both the sales organization and the 
customers, many firms find that they are in the untenable 
position of trying to manufacture and market a large num¬ 
ber of nonstandard products. From a production standpoint, 
this is uneconomical and causes product costs to rise. In 
order to achieve a proper balance between sales demands 
and production economies, therefore, many firms in develop- 
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ing their products have entered into a carefully planned program of 
product standardization, simplification, and specialization. 

Standardization, simplification, and specialization are three principles 
that are a basic and integral part of modem product development. Their 
significance to management, however, lies not only in their special appli. 
cations along product design, manufacturing, and technical lines, but also 
in their application to purchasing, research, sales, marketing, and other 
areas of business. From the standpoint of mass production alone, they 
have completely revolutionized industry. In fact, the impact of standard¬ 
ization, simplification, and specialization has been so great on our indus¬ 
trial progress, that one has difficulty visualizing any appreciable progress 
without these three. Their presence is continually felt in all walks of life. 
Truly, our world today is a world of standards and specialists. 


HISTORY 

These three concepts are as old as man and it is not surprising that with 
the industrial revolution they found ever increasing applications in indus¬ 
try. In the latter half of the eighteenth century, the guild system of pro¬ 
ducing to order was superseded by the domestic or home system of 
manufacture. In the domestic system the worker produced goods at 
home and the merchant distributed them, thus starting the division of 
labor and a greater application of these three principles. The greatest 
strides in the development and application of standardization, simplifica¬ 
tion, and specialization, however, have been made during the past three 
decades. Probably the two World Wars had the greatest impact. 

During World War I the United States had the problem of supplying 
large quantities of labor, material, and equipment for war purposes. This 
problem was solved in part by simplifying the varieties of products and 
concentrating on those remaining. This simplification of product variety 
along with the consequent specialization of effort resulted in significant 
gains. 

After World War I, the movement for simplification of products gained 
in popularity and momentum. At the same time, a strong movement 
developed to apply the principle of standardization to certain products 
from the industries of more than twenty countries. Agreements, however, 
were difficult to achieve and with the advent of World War II, common 
differences were still present. For example, the American Standard for 
screw threads and the Whitworth Standard of the British contained only 
minor variations in dimensions, but because of these minor variations 
they lacked the quality of interchangeability. During the two World 
Wars this lack of interchangeability resulted in a vast and unnecessary 
expenditure of time and efFort amounting to hundreds of millions of 
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dollars. For example, it caused precious cargo space to be used to ship, 
in effect, "unnecessary” screws, nuts, and bolts to fit our materials. How¬ 
ever, in 1948 a standard was agreed upon by the United States, Canada, 
and Great Britain and today with this standard in full operation many of 
their products can be repaired without a special type of screw or nut. 


STANDARDIZATION 

Standardization deals primarily with the process of establishing standards 
or units of measure by which extent, quantity, quality, value, perfor¬ 
mance, and the like may be compared and measured. The establishment 
of a standard tends to crystallize the most widely held thought and prac¬ 
tice into specific forms for general application and use as a standard. 
Thus, a standard is a carefully established specification covering a prod¬ 
uct, material, characteristic, and so on. These standards serve as units of 
measure for products or performance, and manufacturers agree to abide 
by them for a given period of time. A quart, for example, is a standard 
for liquid measure. The Federal Government maintains a length of metal 
in Washington which serves as a standard for one foot. “Like the one I 
bought before” is an old and common standard. When you add oil to 
your automobile engine, you probably call for it by number and brand 
name, confident that it will blend and work well with the oil already in 
the engine. This is true because both the old and new oils were refined 
by certain standards. They both met certain viscosity standards, and they 
possessed other standard characteristics which made them, for all prac¬ 
tical purposes, identical types of oil. 

Standards vary widely, of course. Standards can take the form of 
manners, customs, or mores in addition to the usual industrial standards. 
We are constantly guided by standards both in doing things and in mak¬ 
ing things. Minutes and hours, for instance, are standards of time. Dol¬ 
lars and cents are standards of value. Red lights are standards for danger 
and mean stop. Railway cars go from one railroad to another all over the 
United States because rails are a standard 56 inches apart. Finally, the 
quality of gasoline is determined by a standard octane rating. Thus, a 
"premium” gasoline must meet a certain octane standard. 

Standardization as a principle is not new. Centuries ago Venice stan¬ 
dardized the construction and rigging of its ships in order to make them 
handle the same way, have the same speed and maneuverability, and 
thereby operate as a fleet and not as a series of individual ships. 

In a 1951 speech Herbert Hoover stated: 

Many people probably even now do not appreciate in full the ideas which 

are embraced in standardization . . . 

Standards are at the base of all mass production. They make possible more 
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Figure 8.1. A standard purchasing specification employing both written and pictorial 
data. (Courtesy Radio Corporation of America.) 


continuous employment by manufacturers for stock instead of dependence 
upon immediate and specialized orders. They have made it posssible to 
conduct this fabulous productive machine with the least amount of spare 
parts and inventories in the hands of the consumer industries. They have 
cheapened the cost of production in millions of directions. 

They have been a factor in our rising living standards. They have enabled 

\ 
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sands of different articles to be placed within the reach of everybody. 
do not impose uniformity on the individual, because they make avail¬ 
able^ him an infinite variety of additions to his living.! 

Standards are, in effect, the real backbone of our business activities. 

Standardization and the Consumer. Even though he may be un- 

_ ir everv American benefits from modem industrial standards, 
aware oi u» .... , 

To the average consumer, standardization means better quality, greater 
safety and lower prices. Because of the application of the principle of 
standardization, standard material can be used, a more uniform quality 
. aV ailable in products, and standard manufacturing procedures can be 
employed. This adoption of standard manufacturing procedures makes 
ssible the application of the principle of specialization of labor. All 
these help reduce manufacturing costs and make for lower prices to the 
consumer. Standardization also affords the consumer a basis for com¬ 
paring products. It means greater availability of consumer products, more 
convenience in their use, and easier repair. 

In general, standardization makes life so much simpler for the con¬ 
sumer in so many obvious ways that he takes it for granted. Indeed, many 
consumers do not even realize that standards exist! A consumer, for 
example, may carry an electric razor across the country and never give 
a second thought to the fact that everywhere, even on trains, the same 
standard current and the same standard plugs and the same standard 
sockets are available. He may, also, buy in Atlanta a new automobile 
carburetor which was made in Paris, Tennessee, to fit an automobile 
bought in Los Angeles and assembled in Dallas. Standardization, in other 
words, has given the consumer the benefits of a free national market. 


Standardization and Management. Standardization is also a man¬ 
agement tool. Standards, for example, serve management as an aid in 
purchasing; standard practices and procedures simplify everyday opera¬ 
tions and make possible the application of the exception principle; stan¬ 
dard products aid in sales practices; and standard parts make for economi¬ 
cal production. Though he may not realize it. the executive is relieved of 
hundreds of decisions daily because of standards. “How much to buy,” 
“which parts to purchase,” and "which practice to use,” for example, are 
often answered for the executive through the use of standard purchase lot 
sizes, standard specifications, and standard practice instructions. 

A standard is also one of management’s most important tools of con¬ 
trol. Once management establishes a standard procedure, standard specifi¬ 
cation, or standard method, it can then measure subsequent action against 


l From an address at the 33rd Annual Meeting Luncheon of the American Standards 
Association. October 24. 1951. Waldorf-Astoria. New York. New York. 
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these standards. If performance measures up to these standards, then 
work is progressing satisfactorily. When results do not equal the stan¬ 
dards, however, management must find out why and make such changes 
as are necessary to assure meeting the standards in the future. 

Standardization and the Worker. Inasmuch as products are stan¬ 
dardized and the work is repetitive, standardization allows the worker to 
specialize and to use specialized machines. Because of these two facts, 
many people tend to think that standardization reduces the necessary skill 
of the worker, and therefore, downgrades him. This is not generally true 
in our economy. Standardization usually means the elevation of an un¬ 
skilled worker into a semiskilled position of performing specialized tasks 
and manning specialized machinery. 

A second point often heard is that standardization stifles an employee’s 
initiative and provides no outlet for his ingenuity. This is not necessarily 
so. A person working on a standardized task day after day actually 
is in a position to know more about the work than anyone else. Because 
of his intimate association, he can understand many aspects of the job 
that others cannot and, therefore, has the opportunity to devise new 
production methods, as well as improve the product. 

Standardization that comes too early can, however, retard develop¬ 
mental work by prematurely freezing the design of a product. Standard¬ 
ization may compel concentration on the existing best practice. However, 
by doing so, standardization provides a test for the new product or inven¬ 
tion and thus only those new items which are best and which challenge 
the existing standards are passed for adoption and manufacture. Thus, 
standardized products are usually produced in volume for a longer time 
at a cheaper price. Lower priced products often mean expanded markets, 
increased demand, and new job opportunities for the worker. 

Finally, standardized products and standardized methods of work are 
sometimes said to lead to monotony. This may be true for some em¬ 
ployees, but many workers prefer routine standardized work to other 
types. With standardized jobs they are not required to think and solve 
problems. Instead, the employee can perform his work while thinking 
about his project at home, or making plans for the coming weekend. ’ 

Product Standardization.. Product standardization consists of mak¬ 
ing all given products alike; thus parts are interchangeable. It makes 
possible shorter setup times, quicker processing, fewer changeovers, and 
longer production runs with smoother production flow. In addition, prod¬ 
uct standardization makes for simplified inspection requirements with the 
application of the principles of statistical quality control. Standardiza¬ 
tion of product also simplifies the functions of storage, marketing, and 
distribution and reduces training time for new employees. Product stan- 
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. aid the supervisor and other company officers by cutting down on 
dar ^ um ber of their conferences, reducing the controversies concerning 
^rations, and reducing disputes with customers. 

° For most firms, product standardization means fewer different types of 
material will be needed. This, in turn, results in less investment in 
•^ventory. With a standardized interchangeable product, mass production 
techniques can be applied and labor can be specialized and more effec¬ 
tively utilized. Inasmuch as the parts are standardized and interchange¬ 
able management can invest in fewer special machines to produce the 
oducts. Along with this reduction in machinery and raw material, man¬ 
agement also gains through a decrease in obsolescence for both. Also, 
through the application of standardization and specialization, less labor 
is required for each unit of output. These are typical reasons why prod¬ 
uct standardization has decreased production costs and added consider¬ 
ably to our standard of living. 


Applying Standardization. Standardization is universally applicable. 
In the purchasing field, for example, standardization may be applied in 
order to establish specifications for materials, to reduce the variety of 
materials and parts purchased, and to simplify routine purchases and pro¬ 
cedures. Standardization also aids engineering through the establishment 
of specifications for parts and supplies as well as in the establishment of 
standard engineering procedures and practices. Standardization aids man¬ 
agement in setting up operating standards as well as in establishing 
standard operating policies for all areas of the business. In addition, stan¬ 
dardization benefits manufacturing by reducing the number and variety of 
parts thereby enabling management to establish standard processes and 
methods. Marketing also can benefit from standardization by a reduction 
in the number and variety of product lines and by the establishment of 
standard sales procedures. Office management is often helped by a re¬ 
duction in forms and by the establishment of standard office techniques. 
Obviously, these are not exhaustive but are suggestive of the wide variety 
of applications in which this basic principle can be used. 

The application of standardization within a plant is often performed 
by a methods and standards department. The methods engineer, as a 
member of the staff department, often investigates existing practices, car¬ 
ries out systematic studies, and establishes standard methods, forms, pro¬ 
cedures, tasks, and so on. 

In applying standardization to a manufacturing plant, we should be 
sure that we apply the principle to various parts in the correct order. 
First things must come first. In terms of production, for example, ma¬ 
terials must first be standardized; next, equipment; then, method, and 
performance, in that order. 

In applying standardization to an entire industry, the agreed upon 
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standards are usually set up either by trade associations, by standards 
institutes, or by service organizations, such as the American Standards 
Association. 

Standardization on a national basis is carried out by various national 
institutes and bureaus. In the United States, this service is performed by 
the National Bureau of Standards. 

The standardization movement is today assuming international pro- 
portions. In fact, on July 1, 1959, a new standard of measure called the 
international inch was officially adopted by the Bureau for the United 
States. This is the first change in our standard inch since the "Menden¬ 
hall Order of 1893" officially made our old inch equal to 2.54000508 cen¬ 
timeters. Under the new standard, however, our inch equals exactly 2.54 
centimeters. This change, along with a slight increase in Britain’s stan- 
dard inch, means that the three principal English-speaking, inch-using 
countries of the world (Canada, England, and the United States) are 
now using exactly the same inch as a unit or standard of measure. In 
addition to the promotion of international good will and understanding, 
standardization of this type makes international comparisons of products 
possible. 

In addition to this work on standardizing the inch, a move is under 
way to change our system of measure to the metric system where length 
is measured in centimeters rather than inches. Britain has already com¬ 
mitted itself to a conversion to the metric system with 1980 as a target 
date. Should this come about (and the possibility appears good) this will 
leave the United States as the one major international force still clinging 
to the inch as a unit of measure. Eighty-two nations are already using 
the metric system and some individuals believe that if we do not stan¬ 
dardize our system of measure with the rest of the world we will stand 
to lose from $10 to $25 billion in foreign trade each year. 2 In fact, foreign 
purchasers already appear to be passing over American companies when 
ordering certain types of goods because of this lack of standardization. 

The American National Standards Institute is the recognized Ameri¬ 
can channel for participation in the international standardization 
movement. In this role, the Institute makes information on foreign 
standardization work available to American industry, and also helps 
promote a knowledge of American standards in foreign countries. 


SIMPLIFICATION 

Simplification is the practice of making something simpler, less com¬ 
plex, or less difficult. Simplifying eliminates the superfluous. Thus, ap¬ 
plied to a product line, simplification eliminates needless varieties, sizes, 

2 "Should U. S. Adopt the Metric System?" Business Week (January 27, 1968), p. 75. 
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and so on. If you manufactured shirts, for example, you would not 

iyP T , sizes 15- 15S/ ^’ 16 ' and S ° ° n * This variet y of sizes would 

1113 eedless Therefore, you would probably eliminate the superfluous 
u \5 s/ 4 , and so on), thereby simplifying your line. 

SiZ The need for simplification is felt when we see unnecessary complexity 
confusion. In industry, for example, needless complexity and cost may 
°'su, t from the large number of products offered by a firm in its attempt 
market a "full line." In simplifying such a product line we would not 
ttempt to eliminate products simply to reduce the quantity offered. In¬ 
stead this application of simplification would be to remove the unneces¬ 
sary products_those seldom if ever desired by the consumer. Product 

libation, therefore, is directed toward reducing losses resulting from 
ndesirable variety, thereby making business more efficient. Thus, when 
the management of a company thinks that a great many of its products 
are either no longer required or infrequently used by its customers, it may 
well undertake a simplification program to eliminate the superfluous prod¬ 
ucts from its line. 

Simplification may also be undertaken from a product design stand¬ 
point. For example, a simplification program may be aimed at decreasing 
the variety of materials used in a product, thereby reducing inventory, in¬ 
vestment, and other manufacturing costs. Wcstinghouse Electric Corpo¬ 
ration, for example, reduced the varieties of metal washers from 1,350 to 
150 and saved $25,000 in one year. 3 Other examples of simplification are 
numerous. A textile firm, for example, using 31 different lubricants found 
through study that only 11 were actually needed, thereby eliminating 20 
needless types. Simplification may also be applied to work methods and 
processes. The objective here is to eliminate the number of wasted oper¬ 
ations and motions employed in producing a product. 


Simplified Practice. Simplification and simplified practice are some¬ 
times regarded as being synonymous. This belief unfairly restricts the 
scope of simplification. Simplification is a general term including any 
process of making a situation simpler, less difficult. It is universal in 
application. Simplified practice, however, is a special type of simplifica¬ 
tion where the application of the principle of simplification (as well as 
specialization) is made to the product line of an industry, or a major 
portion of the industry. Thus, simplified practice results in the elimina¬ 
tion of unnecessary sizes, varieties, and products by a group of manufac¬ 
turers—usually all or a large portion of the entire industry. 

The term simplified practice became popular in 1921 when Herbert 
Hoover, then Secretary of Commerce, organized and established the Divi- 


3 Standards Are Your Business (New York: American Standards Association, n d.). 
p. 6. 
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Figure 8.2. Through the application of simplification and standardization, four stan¬ 
dard knurls replace a large number of nonstandard ones. (From "Engineering Standardt 
at IBM," Standardization. December 10*0.) 


sion of Simplified Practice as a part of his program to eliminate unwar- ‘ 
ranted waste in industry. This Division was charged with the responsi¬ 
bility of establishing procedures that would bring all interested parties 
together on a national basis to simplify lines of manufactured products. 
Under Hoover s direction, the organization actively solicited and encour¬ 
aged voluntary reduction in the number of products in an industry's line. 
During the life of the Division it achieved good success in its endeavors. 
For example, in the container industry the number of fruit and vegetable 
. cans was reduced from 200 to only 32. The sizes of paving bricks were 
reduced from 66 to 7. And warm air heating ducts, pipes, and fittings 
were reduced from 5,080 to 1,225. Simplified practice is difficult to achieve, 
however, because it requires the cooperation of the entire industry, or at 
least the greater part of it, to be effective. 

Considerations in Simplifying Products. Three primary considera¬ 
tions should be made before attempting to apply the principle of sim¬ 
plification: (1) Is the nature of the product such that simplification can 
be effectively achieved? Producer goods, for example, present fewer prob¬ 
lems in simplification, and it can be practiced with greater ease. (2) Will 
competition within the industry or from substitute industries limit the 
application of simplification or even encourage product diversification? 
(3) Will simplification reduce sales appeal? Before simplifying a line, 

' the effect on customer demands and sales volume should be considered. 

Advantages of Simplification. From our discussion of simplification 
we can see that its advantages to the manufacturer are numerous. With 
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rts and varieties, fewer machine changes will be needed and fewer 
k'njattrial varieties will be required. This results in less obsolescence 
raW achinery as well as raw material - With a reduction in parts also 
01 a reduction in operations, thereby enabling management to stan- 
C °rtUze and specialize work, making for simpler, easier work methods, 
excess variety is reduced, the volume of remaining products can 
increased, often at lower costs. Frequently, simplification makes for a 
more nearly even manufacturing pace and employment and results in 
better consumer service. 

These same types of savings are carried on to the distributors who en* 
the elimination of slow-moving items from their stock, thus reducing 
their inventory and increasing turnover. With a more nearly staple line 
of products, the distributor takes less chance with obsolescence. Also, 
with fewer varieties of products he can concentrate his sales effort on 
fewer items. Finally, the lower manufacturing costs previously mentioned 
frequently result in lower distributor costs. 

To the consumer, simplification often means better prices. Also, with 
manufacturers concentrating on simplified lines, simplification makes for 
better quality, service, and delivery to the consumer. 


SPECIALIZATION 


Specialization may be defined as the concentration of effort in a given 
field of endeavor. From the viewpoint of a person, specialization results 
in the acquisition of skill and proficiency by limiting oneself to a narrow 
field of chosen activity. Thus, an accountant, a bricklayer, a plumber, 
and a lawyer are specialists. In product specialization a firm may manu¬ 
facture only one product and, therefore, specialize in its production. An 
eastern shoe company, for example, practices product specialization by 
manufacturing only extra-large sizes of one type of shoe. 

Applications. Like standardization, specialization is universal in ap¬ 
plication. It can be applied to products, organizations, processes, regions, 
individuals, companies, machines, jobs, managements, and so on. In fact, 
specialists and specialization are the rule rather than the exception in 
today's business. We have specialized industries, such as cigarette manu¬ 
facturers; specialized areas, such as the tobacco growing states in the South 
and the grain states in the West; and specialists in management, such as 
accountants and engineers. 

.Though not obvious, various types of specialization are not indepen¬ 
dent of each other, but are, to the contrary, closely related. For example, 
product specialization and process specialization go hand in hand, as do 
product specialization and labor specialization. This can be seen readily 
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when we realize that with a smaller variety of products produced in a 
plant, fewer processes will be necessary within the plant at any one tim e . 
With fewer processes being carried on, a smaller number of types of jobs 
will be involved, and with fewer job types, a greater degree of labor 
specialization can be employed. Also, in such a situation, specialized 
equipment could be employed. This, in turn, would require specialized 
planning and control for its effective utilization. From all this a special¬ 
ization of organization and management naturally emerges. 

Characteristics of Specialization. Many advantages may be realized 
from the application of the principle of specialization. By concentrating 
his efforts, for example, a worker may raise himself to a higher state of 
skill and proficiency. Also, because his efforts are concentrated, the time 
normally required to train an employee may be reduced. With this shorter 
training time, labor is more mobile within a plant and can be more easily 
moved from one job to another. Because the worker is more proficient 
speciali/ation often enables him to earn more money thereby raising his 
standard of living. Finally, inasmuch as an operator concentrates his 




Figure 8.3. Standardized prod¬ 
ucts and standardized tools 
make possible the use of this 
assembly machine to assem¬ 
ble the intake manifold on' 
an automobile engine, tight¬ 
ening twelve nuts simulta¬ 
neously. (Courtesy of Inger- 
soll-Rand.) 



PRODUCT DEVELOPMENT PRINCIPLES 


159 


one job, the quality of the product may be increased and the 
gjfort 5 on un j t decreased. 

lab0F C, aIization does, however, pose some drawbacks. Highly special- 
S P* C * and machinery, for example, often cannot be used for other 
ized la or Thu$ tQ a degTee, inflexibility is created. We frequently hear 
purposes.^.^;^ leads lo mono tony. This has not been found to be 
th3t true for all workers. Many employees not only have no objec- 
gcnera ^ - t - ve wor |c but actually prefer it. What is monotonous to 
t,0n l °not to another. Individual differences are of prime importance 
0,16 of course. Proper selection of employees would do much to reduce 
^ effects; therefore, workers should be carefully selected and assigned 
1 . bs for which they are best suited both mentally and physically. We 
l h J uld recognize, however, that this weakness of specialization can never 
h completely overcome for all employees. Finally, specialization may 
hve an adverse effect on an employee’s morale and feeling of belonging. 
Fr example, a worker may fail to understand where his job fits into the 
vera 11 company objective because, through the application of simplifica- 
tion and specialization, his job has been made to appear less significant 
and less important. 


INTERDEPENDENCE 

Although the three concepts of standardization, simplification, and 
specialization are not identical, neither are they wholly independent of 
each other. Let us consider their relationship. 

Simplification and Standardization. Quite often we confuse these 
two terms and use them interchangeably, although they can be easily 
distinguished. Simplification, as we have indicated, refers to the elimina¬ 
tion of superfluous varieties, sizes, products, and so on. In essence, there¬ 
fore, simplification is a reduction process with relatively iittle regard for 
a scientific and systematic approach. Simplification is more empirical 
'in nature and although improvements are effected, they do not neces¬ 
sarily result in the best method, standard, or combination. 

Standardization, on the other hand, is concerned with the application 
of scientific knowledge to establish a standard. Standardization can be 
thought of as an advanced stage of simplification. In fact, standardiza¬ 
tion would not be possible without simplification, because by the act of 
choosing one size or item to serve as a standard, other very similar but not 
identical sizes or items are eliminated through the application of the 
principle of simplification. Because of this close association, industrial 
applications of standardization always include to some degree a program 
of simplification. 
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Simplification and Standardization Precede Specialization. Spe¬ 
cialization is still another and more refined stage in the process. As we 
indicated, standardization is impossible without simplification. In a like 
manner, without standardization we could not have specialization. Spe¬ 
cialization is concentration on a given field of endeavor, and therefore, 
implies repetition. Such repetition cannot be achieved without a stan¬ 
dard product or procedure. An operator (or a machine) cannot be a 
specialist without doing the same thing over and over, and this repetition 
would not be possible without standardized material. Thus, in modem 
industry the application of mass-production techniques is partially de¬ 
pendent on the application of the principle of specialization to labor, mi- 
terials, and equipment. This application of specialization is dependent 
on the application of the principles of simplification and standardization. 

Impact of Simplification, Specialization, and Standardization. 
The role these three principles have played in the economic Jife of man is 
overwhelming. They form the foundation for our American mass-pro¬ 
duction technique and are an integral part of modem management. 
Their impact can be pointed out on every hand by comparing the out¬ 
put, product variety, standard of living, and economic conditions of this 
country today with those of the nineteenth century. The rapid economic 
progress taking place in America year after year points to the effects 
of simplification, specialization, and standardization on our economy. We 
can, in fact, state without exaggeration that all of our economic progress 
has been materially aided by the successful application of these three 
principles. 


STUDY QUESTIONS 

1. Define simplification, standardization, and specialization. Illustrate each. 

2. How do simplification and standardization interrelate? Explain. Give an 
example. 

3. How does simplified practice differ from specialization? From standardiza¬ 
tion? From simplification? 

4. Name some of the benefits that we enjoy from the application of the prin¬ 
ciples of standardization, simplification, and specialization. 

5. "Modem industrial standards actually grow out of the application of the 
principle of simplification." Explain. 

6 . In your opinion, has standardization retarded progress in the United States? 
Why? 

7. How does standardization serve management as a control principle? 

8 . Explain the correlation between specialization of labor and simplification 
of work methods—and standardization of work methods. 

9. Has standardization and specialization had a better effect on the worker or 
the consumer? 
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10 . 


Which has had greater impact on our economy: product simplification 
product standardization? Explain. 


or 
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Today we are witnessing an unprecedented expansion and 
decentralization of American industry calling for more 
and newer production facilities. In this age of science and 
precision, however, more guesswork is employed in deter¬ 
mining the proper location for these plants than one would 
imagine. Moreover, the little research that is employed in 
this area is often conducted in an atmosphere of intuition 
and rule of thumb. This is indeed unfortunate because not 
only must a large number of factors be weighed but the final 
decision as to building design and plant location often de¬ 
termines the competitive advantage and the profitability 
of a company. In fact, without careful planning a new build¬ 
ing or facility can be obsolete the day it is completed. 
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Determining the location of a business facility is part of the total sys¬ 
tem of management previously referred to. In factf locating and designing 
a manufacturing or other business facility must be considered within tiic 
context of the total system if they are to be well chosen and effective. The 
design of the building and the location of the enterprise should be de¬ 
termined, of course, with the end goal of better sales performance and 
higher profits in mind. Designing and locating a new plant, however, 
encompass not only the obvious physical aspects of building location but 
also involve such things as the interrelation of marketing problems, prod¬ 
uct mix, long-range plans, product and market substitution possibilities, 
new technology, economic forecasts, and all the dimensions of the con¬ 
sumer: his needs, wants, preferences, service, and so on. 

Despite its critical nature, however, there are numerous examples of 
poorly planned buildings and ill-chosen sites. 

One firm, for example, selected a site because the land was donated 
by the community—only to find subsequently that subsoil conditions were 
so poor that extra foundations were required which would have more 
than purchased several other good sites. In locating a building on a site, 
one company started construction before asking the railroad to put in a 
spur track. Upon surveying the spur track area, the railway engineers 
found that the plant was so poorly positioned that the track would of 
necessity cut off a corner of the new building. The result was ripping off 
part of a new building, necessitating structural changes, loss of time, and 
unnecessary expense. Finally, one company in choosing a location leaned 
too heavily on the community's labor reports and recommendations with¬ 
out carefully checking them. Within six months after locating, the com¬ 
pany found that the reported favorable labor situation had in actuality 
deteriorated and as a result the plant was in serious trouble. 

The above are not isolated experiences but are typical problems re¬ 
sulting from poorly planned and located buildings. Once a plant is 
established, it is difficult to relocate it. We should, therefore, carefully con¬ 
sider every aspect that might have an effect on the overall operating suc¬ 
cess of a firm. The tasks of designing a plant and selecting a new location 
are involved, and a sound decision requires the careful evaluation of a 
great many economic and technical factors. Solving the problem, how¬ 
ever, is less difficult if a scientific and systematic attempt is made to evalu¬ 
ate the pertinent considerations. 


CONSIDERATIONS 
FOR PLANT LOCATION 

In analyzing the facets pertinent to locating an enterprise, some factors 
weigh more heavily than others. The right labor market, for example, 
would be of prime importance, while low tax rates would be near the 
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of the scale. In general, most companies list the following as being 
“rimary importance to them: a plentiful labor supply of good quality, 
°‘ P dequ ate plant site, access to good transportation, proximity to cus- 
an a fS an d community attitudes. Each factor, of course, must be con- 
t0 <Tred w jthin the total system context of the firm and its plans for the 
f* 6 re Perhaps we should look a little more closely at some of the factors 
management considers importapt in locating a business facility. 

Future Plans. Locating a plant is obviously a long-run proposition. 
We should, therefore, give special care to long-range forecasts of future 
crating needs and techniques. A planned product diversification, for 
°xample, or an anticipated expansion might point out the necessity for 
additional land for growth as a factor in location. Future markets and 
shifts in raw material might also have a pronounced influence on locating 
firm. Although every long-range factor cannot be foreseen, wise plan¬ 
ning dictates that every foreseeable change be included in the initial con¬ 
siderations. 

M^ahor. Labor is probably the most important single factor influenc¬ 
ing plant location. An adequate supply of labor is obviously necessary. 
Although the quality and composition of the labor force used to be of 
primary importance, the demands on the composition of the labor force 
arc decreasing. Labor s attitude toward work, more than its quality, exerts 
the major influence today. In place of labor skills, an important con¬ 
sideration today is the availability of a stable work force of semiskilled 
and unskilled labor. Such personnel, management has found, can be 
trained to fill most of the jobs in a new plant, whereas key positions can 
be manned by importing the necessary individuals. 

Some industries, however, demand special skills and training, and in 
those industries the availability of skilled labor is often the key considera¬ 
tion in determining a plant location. For example, a plant employing a 
large percentage of skilled machinists and tool-and-die makers must locate 
in a labor market containing such workers because of the years of train¬ 
ing required to develop these employee skills. Such plants are tied to 
their workers and their locality. This in part accounts for the large per¬ 
centage of high-grade machine-tool plants in the New England area and 
clothing manufacturers in New York City. 

The cost of labor is obviously an important element and low wages 
have accounted in part for the migration of textiles to the South. How¬ 
ever, decreases in wages do not necessarily result in lower unit labor costs. 
In fact, it is possible for an area with a high wage to have a lower unit 
labor cost because of higher work standards and greater productivity per 
worker. 

A community labor factor to consider is one characterized by feather¬ 
bedding practices, organized resistance to methods and technical changes, 
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slowdowns, walkouts, and boycotts. Such labor characteristics may not 
be reflected in wage scales, but they make it more difficult and expensive 
to operate an enterprise. 

In summary, the important factors to consider in a labor force are its 
makeup, its stability, and its cost. 

Community Attitudes. Some companies indicate that community 
attitude is the most important single item that a community has to offer a 
prospective employer. Does the community want industry? A good atti¬ 
tude consists primarily in understanding a company's problems, and in 
treating such matters as taxes, law enforcement, and building ordinances 
with fairness and impartiality. Determining this beforehand can be done 
to some degree by the success of other firms in the community. With a 
good community business climate, a company may gTow and prosper in 
a location that may not be best with respect to other factors such as raw 
materials and markets; conversely, a poor community attitude of resigned 
acceptance or even active opposition may discourage locating in an area 
that was otherwise ideal in location. 

Community Facilities. Hospitals, schools, colleges, churches, parks, 
country clubs, and hunting and fishing activities are important in making 
a community desirable as a possible plant location. Although such com¬ 
munity facilities are not directly reflected in manufacturing costs, they 
may serve to attract a desirable type of employee and help keep him physi¬ 
cally and mentally contented. People who live better, work better. Such 
facilities, therefore, are desired and considered in choosing a location. 
The level of education and culture in any community is a good measure 
of its desirability as a place to live and do business. 

Financial services are also part of a community’s attraction. Banks and 
other financial institutions are important both to the company and its 
employees to take care of loans, payrolls, and the like. 

i - Proximity to Raw Material. Plants which consume a bulky, low* 
alue raw material that loses considerable weight in processing do well to 
locate as near as possible to the source of the raw material. In fact, for 
such companies, processing should be as near as possible to where the 
raw material is found. Sawmills offer an excellent example of this. Be¬ 
cause they recover less than one-half the volume of a tree, sawmills most 
often locate in the forest rather than transport the tree out. Gold is 
usually smelted at or near the shaft of the mine since the ounces of re¬ 
covered gold are only several per ton of ore. Of course, if no weight loss 
in raw material occurs and all other factors are the same, then obviously 
a plant can be economically located at the source of the raw material, at 
the market, or at any point between the two. 



FACILITY DESIGN AND LOCATION 


169 


.. j location from the viewpoint of raw materials is the one 
Thc 1 * a j 0 £ a il factors combined results in the lowest transportation 
w here the ^ product. Locations between the source of raw material 
cost per u afket iJo We ver, are often expensive because freight rates, where 
an d the ™ co 'mposed of terminal costs plus line-haul charges. Terminal 
involved, ^ ^ significant as the length of the haul is increased, 

charges, nies reduce this cost somewhat by having in-transit privileges 

So ®f ^ railroads which allow a nominal charge for delay of their cars 
on those 1 dl . 

__ a chort period of time. 

I general plants tend to locate where total transportation costs for 
^material and finished product will be at a minimum. 


/proximity to Market. The factors contributing to locating a plant 
U " - ven market are much less tangible than those locational factors 
mentioned elsewhere. In general, locating near a market is for the pur- 
of reducing transportation costs. Automotive assembly plants, for 
P 05 D le are scattered throughout the United States because total trans¬ 
action cOSts ar e less if unfinished and unassembled parts are shipped to 
Ihese plants with the finished product being shipped shorter distances in 
rh e "local” markets served by these assembly plants. 

A great many items manufactured by a sole producer are distributed 
ither on a large regional or a national basis, and consequently locating 
these plants in or near the given market is not a problem. Some com¬ 
panies however, such as a bakery, may experience the problem of attempt¬ 
ing to locate in a given market area. The determination of the geographi¬ 
cal coverage of the market and the potential market for such a company 
may be difficult. A geographical market can usually be determined by a 
survey, the scope of which should include: (1) actual population as well 
as the number of families in the potential area to be served; (2) wealth 
factors such as value of livestock, bank deposits, and value added by manu¬ 
facturing facilities; and (3) standard of living indicated by home owner¬ 
ship, telephones, new automobile sales, tax returns, and so on. With this 
infoimation at hand, the trade area for the proposed plant site may be 
determined, but doing so often proves difficult because market areas are 
not geometrical or well laid out and are continually shifting. However, 
a reasonable estimate can be made for the purpose of the market, includ¬ 
ing its extent, potential, and characteristics, all of which serve as a basis t 
for determining a specific plant location. 


^/^Transportation. The significance of transportation in plant location 
varies with the industry and the product produced. If transportation 
costs are a relatively large portion of total costs, then transportation costs 
may be the controlling factor in determining the final plant site. Con- 
vereely, if they are small, they may exert little influence on the choice. 
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All plants, however, must transport raw material into the plant and 
consider the transportation of the finished product to the customer. I n 
this respect, available transportation plays an important part in deter- 
mining plant location. Its significance, however, will be even greater 
within the next decade as the types of transportation change. 

Four basic modes of transportation are frequently used in the United 
States: (1) rail, (2) truck, (3) air, and (4) water. 

Rail. The United States has about 29 percent of the world’s rail- 
road mileage, and railway location historically has played a dominant 
part in the location of most of our major industries. Since 1946, however 
the Interstate Commerce Commission has allowed a series of six general 
rate increases with clear indications of still higher railroad freight rates in 
the future. This increase in railway transportation costs may tend to 
divert shipping material by other competitive carriers such as the truckers 
and water carriers. The possible effect of this rate increase on plant 
location may be for plants to depend on other common carriers and 
not locate along railways, or it may mean that large manufacturers will 
decentralize their productive facilities and locate the decentralized plants 
on the basis of raw material and consumer markets. Other companies may 
do as the Ford Motor Company has done: establish regional assembly 
plants for assembly and distribution of its product to limited areas. 

Truck. The highway system in the United States contains more mile¬ 
age than all other transportation systems combined. Compared with the 
railroads, our highways have over five times more mileage than the total 
for all railroads in the United States. The flexibility that this has made 
possible and the service offered by truckers to manufacturers have had a 
great impact on plant location. Today, as a result, a great many plants 
are being located without access to a rail service. 

Air. Currently the importance of airlines as cargo handlers is neg¬ 
ligible inasmuch as the annual ton-miles shipped do not exceed one 
percent of the total United States volume. Its potential effect on plant 
location is great, however. In addition to the movement of goods, com¬ 
munications are important in plant location and the possibility of an 
executive's flying to outlying plants should not be omitted as a factor in 
location. From the standpoint of air freight, the next fifteen years should 
prove significant. In fact, if current trends continue, airlines will not 
be simply handlers of high-grade commodities and expedited shipments; 
instead they will be used as normal and regular carriers of goods. 

Water. The United States has the greatest inland waterway of any 
country in the world, and in recent years its utilization has experienced a 
tremendous upsurge. This use is due primarily to the fact that water 
rates are about 20 percent under railroad freight costs. Although move- 
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' b y wa ter is extremely slow, even high value goods are being at- 
acted to the waterways because of the substantial economies available, 
•rhis shift to waterway utilization has led to the development of modem 
uipment and terminals, and has attracted many plants to locate on the 
banks of important inland waterways, particularly those plants requiring 
bulk shipments of materials such as chemicals, ores, petroleum products, 


and scrap iron. f 

Considering the above facts and from a transportation standpoint only, 
the ideal plant site would be one on a major waterway with a railway sid¬ 
ing, access to a highway, and proximity to a major air terminal. 


I Power—Fuel. Low cost power alone exerts little influence in deter¬ 
mining most plant locations today. Instead, the major consideration is 
adequacy and reliability of the power source. Historically, the location 
of reliable power resources has been an outstanding factor in the choice 
of manufacturing sites; and today management should still determine 
whether or not the area has been subject to power shortages such as 
those that gripped the New York area in 1969. With the development 
of hydroelectric plants, however, and the means of transmitting electric 
power over great distances, the importance of proximity to a power plant 
as a factor in plant location has diminished considerably. The only excep¬ 
tion to this would be the electro metallurgical and the electro chemical 
industries, both of which require an abundant source of cheap electric 
power. With the rapid development of atomic power, it is highly probable 
that within the next fifteen to twenty years a large plant may move and 
carry its compact atomic power unit with it, thus completely severing its 
dependence on local fuel and water as sources of power. 

The importance of fuel alone on plant location varies with the indus¬ 
try. In general, its importance is minor, but some industries, such as steel, 
are often located near an abundant supply of fuel because of transporta¬ 
tion costs./ 


Mvater. The importance of water, like power, varies from industry to 
industry. If it is used only for drinking and sanitary purposes, obviously 
it is of little or no consideration. In many industries, however, such as 


steel, paper, and chemicals, water is a highly important locational factor. 
For example, 65,000 gallons of water are required to produce a ton of 
steel and 200,000 gallons for a ton of viscose rayon. Many companies not 
only require large quantities of water but also need a relatively pure sup¬ 
ply, both of which restrict location. The dominant factor in locating a 
synthetic fiber plant in North Carolina, for example, was the availability 
of a large supply of relatively clear pure water. Of importance also are the 
state and local laws governing water pollution. 

In addition to determining the current supply of water, we should also 
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check the history of the water supply. Many areas have had a history 
of water shortages. In fact, a great many public water systems occasionally 
encounter water supply problems, ranging from a severe drought such a. 
that experienced by the New York City area in 1965 to the weekly problem 
reported in Illinois where a plant could not flush out its tanks with water 
on Mondays because it was wash day.* 

Community Size. Many plants are locating in the smaller communi¬ 
ties today. This trend is indicated by the fact that before 1940 about one- 
half of all American industrial plants were in cities larger than 100,000 
population, whereas, today only about one-third are located in such urban 
centers. Some of the reasons for this shift to small communities are: 

1. Wages are often below city rates. 

2. Taxes are generally lower. ^ 

3. Building costs may be less. 

4. Less time and effort is spent traveling to and from work. 

5. Close to service industries. 

6. Ample supply of labor. 

7. Less absenteeism because job opportunities are less. 

8. Ample land for expansion. 

9. More friendly labor relations. 

'taxes and Legislation. Except for those industries with very high 
investments, property taxes are relatively unimportant as a locational 
factor. Some local and state governments offer tax exemptions as an 
inducement to location. Such concessions, however, are examined criti¬ 
cally by industry, inasmuch as subsequent taxes or other offsetting dis¬ 
advantages may more than equal the concession. In addition, companies 
are looking strongly at the amount of debt being incurred by some states, 
because it will probably be paid through additional future taxes. 

Of greater importance from a locational standpoint is the passage of 
more favorable labor legislation for management, such as right-to-work 
laws, regulation of labor unions, collective bargaining agreements, unfair 
employment practices, anti-injunction laws, and wage and hour regula- 
tions. 


i^SicuRiTY. Defense considerations have encouraged the national gov¬ 
ernment to influence plant dispersal. This dispersal has been given some 
impetus through the accelerated tax amortization regulation. In addition 
to geographical dispersion, some plants are being located underground. 
For example, American Machine and Foundry is reported to have ex- 


l Maurice Fulton. "Plant Location—1956." Harvard Business Review (March-April 
1955), p. 44. 
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jpd a solid limestone mountain site near Huntsville, Alabama, to 
& blish an underground plant. Other underground plants can be found 
eS fhe Kansas City area in limestone caverns hollowed out to meet an indi- 

vidual firm's needs. 

Climate is not nearly so important to industrial location 
Joday as it was previously. With modem heating, air conditioning, and 
ventilating equipment, the control of the temperature, humidity, dust, 
fumes, and so on in a building is possible at a reasonable cost. Air pollu¬ 
tion may or may not be a problem, depending on the industry. 

^Land. The price of land is seldom a determining factor in the loca¬ 
tion of a plant. Yet many companies make the common mistake of failing 
to acquire enough property for future expansion. A rule of thumb cur¬ 
rently used by Westinghouse is to buy fifty acres or five times the plant’s 
eventual floor area, whichever is larger. Some companies use an even 
larger ratio of even eight or ten to one. As previously mentioned, the 
character of the soil and subsoil can be critical for certain buildings. 
Other factors also to be considered are size and shape of site, topography, 
drainage, and possibility of flooding. 


Industrial Districts. Industrial development districts are areas where 
plants and manufacturing facilities are available in or near a large city. 
Their major attraction is a ready-made location. For the most part, they 
are privately financed, but some cities are establishing industrial districts 
through funds subscribed by the local citizens. Although industrial parks \ 
or districts frequently simplify the traffic and parking problem, they have 
their drawbacks. Inasmuch as they are located within a prescribed area, 
expansion is limited and space allotments lack flexibility. As would be 
expected under such conditions, companies with definite growth potential 
may show little interest in locating there. Other problems, such as a 
water shortage, may arise or a company may find itself involved in chip¬ 
ping in for a ’’community project,” such as a sewer, which the community 
needs but the company does not. For these and similar reasons, industrial 
parks are not as popular as first thought might indicate. 

Probably the best known industrial districts today are Chicago’s Clear¬ 
ing Industrial District; Dallas’ Trinity District; and North Jersey's Teter- 
boro and Fair Lawn districts. 


Housing and Executive Choice. Housing is necessary for employees 
and the lack of adequate housing may be a factor for consideration. If 
all other conditions except housing are favorable for locating in a par¬ 
ticular community, some large corporations, in such instances, finance 
or underwrite housing developments for their employees. Some com- 
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Figure 9.1. The Fawley Refinery in England offer* an example of a nonenclo*ed "fac¬ 
tory.” (Courtesy Standard Oil Company o/ Sew Jersey.) 


munities which arc attempting to attract new industry may offer to pro¬ 
vide housing that will attract and house an adequate labor force. 

Many companies take executive convenience into consideration in de- 
termining plant location, reasoning that executives are harder to find, 
train, and replace than other workers. Their desires, therefore, are given 
greater weight. 


LOCATING THE PLANT 

The initial step of determining the major geographical area for the plant 
location is almost routine. The product and manufacturing process will 
usually determine the plants general specifications regarding labor, 
power, transportation, and so on. and these along with the location of 
raw materials and major markets may well determine the greater geo¬ 
graphical area for a plant site. For example, if the firm is engaged in 
processing tobacco, then labor skills and proximity to the source of raw 
material would probably point to locating it in the Southeastern part of 
the United Slates. 

After the geographical area has been determined, the next step is to 
consider and evaluate each of the plausible communities in this geographi¬ 
cal area in light of the location factors previously discussed. This evalu¬ 
ation can usually be done on the basis of approximation rather than final 
precise information. As a result of this evaluation, a few communities 
will usually stand out as superior. From this superior group, one com- 
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must be chosen as the final location. Choosing one location from 
mUmt Jthese last few sites often gives management some difficulty and is 
2 ntly the point where erroneous decisions are m«ide. For example, 
h one community boasts a long list of advantages, and two other com- 
W 'ties boast similar but slightly different lists of advantages, which 
immunity is best? A sound decision in such instances can often be based 
on an economic analysis. 

Economic Analysis. When several locations with various advantages 


present 


themselves as possible plant sites, an economic analysis of the 


Derating costs in each location often aids in determining the final loca¬ 
tion Operating costs such as rent, labor, freight charges, taxes, power, 
and the like are listed and compared for each community. In addition, 
the more intangible factors such as community attitude and employee 
housing must be either evaluated subjectively or given an estimated value 
for the purpose of determining an exact location. Listing the various 
items makes for ease of comparison and helps in an overall evaluation of 
a particular location. t 

Such a comparison may be facilitated by listing the factors as follows: 



City A 

City B 

City C 

Rent 

Labor 

Freight charges 

$ 20.000 

155.000 
81.000 

$ 10.000 
150.000 
64.000 

$ 10.000 
160,000 
28.000 

Taxes 

-O- 

5.500 

2.000 

Power 

6.000 

6.000 

6.000 

Total operating costs 

$242,000 

$213,500 

$206,000 

Community attitude: 

indifferent 

want business 

indifferent 

Employee housing: 

excellent 

adequate 

poor 


On the basis of operating costs alone. City C would appear to be the 
best location. If we include the intangible factors of community attitude 
and employee housing, however, City B appears to offer the best possi¬ 
bilities for location, and would probably be chosen. 

Although an analysis such as the one above does not make the final 
location decision, management has found it quite useful in marshalling 
the facts on which to base a sound economic choice. 

Modern Industry magazine published a location check list which many 
companies have found most useful in analyzing and evaluating a prospec¬ 
tive location. It is reproduced in Figure 9.2. 

Facility Location Planner. One new mathematical approach to 
locating a plant is known as FLP (facility location planner). Its objective 
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Illustration of how PLP works 


. -jp are s customer demand centers (Cl. 
Shown on and 4 potential warehouse sites (Wi. 
Ca, Ch juy, >4 shows the warehouse and dmri- 

W>, WJ ' tslor this hypothetical problem The fixed ware- 
bo don cos COJt5 associated with opening each 

bouK coso riftu delude the amortized cost of 
wi ithouse_ ^ arehouJe jn d/ or ,he additional Inventory 
budding “ w . #Ji jdding the warehouse to the distri¬ 
ct* * UO< ^e warehouse-to-customer costs include 
bution sfi ^ warehouse, the warehouse handling cost. 
FO d B | ^‘ware hou *e“H: u *‘ orEer transportation costs. 



Sups in solving this problem 
, The minimum variable cost saving associated with 
ocenrng each warehouse are calculated IConcept i|. If 
fc/any warehouse this minimum cost saving is greater 
dm, the fixed cost associated with opening the ware¬ 
house that warehouse is opened. In this problem it is 
dear that for customer Ci. opening warehouse Wi will 
rare it lean $ 5 .ooo per year ($8.000-$3,000), and since 
the filed cost of Wi is only $4,500 per year, Wi will be 
in the optimal solution. As the reader may verify, no 
other warehouses can be fixed open at this point. 

I The maximum possible variable cost savings associ¬ 
ated with opening each of the other warehouses ate cal¬ 
culated. Any warehouse where this maximum saving is 
]e» than the fixed cost of the warehouse is fixed closed 
IConcept a). In the sample problem, since Wi is the only 
warehouse fixed open, we could save $30,000 per year 
|U.. $10,000-84,000 for Ca plus $8.000-$6,000 for C3. 


plus $18.000-$$,000 for C4 plus $14,000-83,000 for C*l 
if warehouse Wa is open, and thus Wi cannot be fixed 
closed at this point Similarly, warehouses W3 and W4 
cannot be closed yet Thus the effect of the first applica¬ 
tion of Concepts 1 and a is that Wi will be in the optimal 
solution and warehouses Wa, W3. and W 4 are still in 
an undecided state. 

3 . Now apply Concept 3. which simply involves apply¬ 
ing well-defined "rules of search" for evaluating the i.- 
maining warehouse alternatives. For example, let us arbi¬ 
trarily open warehouse Wa. |The actual rules used for de¬ 
ciding which warehouse to open or close are not critical to 
understanding the procedure.) After opening Wa. check 
to see if any warehouses can now be fixed closed |usmg 
Concept a again). In this case, since Wi and Wa ate 
fixed open at this point, the maximum saving associated 
with opening W3 is *1.000 per year [i.e., $3,000-84,000 
for Ca). and the maximum saving for W4 it $1,000 per 
year lie.. $6.ooo-$s.ooo for C3). Therefore W3 and W4 can 
be closed at this point since the maximum possible sav¬ 
ings for each ($1,000 and $i,ooo| are less than their re¬ 
spective fixed costs |$6.ooo and $8,000! Thus, assuming 
Wj is open, the minimum distribution cost for the sys¬ 
tem is $13,000 per year variable cost ($3,000 for Cl plus 
$4000 for Ca plus $6,000 for C3 plus $s.ooo for C4 
plus $3,000 for Cj| and $10,300 fixed costs for warehouses 
Wi and Wa. Thus the total cost, assuming Wa open, is 
*JM°0 f*' ye*»; this is a complete solution, since every 
watehouse has been either opened or closed 

« Assume watehouse Wa is closed (Remember that Wt 
w« fixed open at the beginning and W3 and W4 ate still 
undecided! With Wa fixed dosed, W3 must now be 
open, because at least $8,000 |$ta,ooo-$ 4 .ooo) can be saved 
for C4. and this exceeds the fixed cost fot W3. Thus the 
total variable cost for the system must be at least $16,000 
($3,000 for Ci plus $6,000 for Ca plus $3,000 for C3 plus 
$4,000 for C4 plus $8/100 for Csl plus ihe fixed cost $4,300 
for Wi. and $6,000 for W3 for a total cost of $36,300 per 
year. However, we now have an incomplete solution (i.e, 
W3 and W4 are still free) which has a higher cost than 
a previous complete solution If we proceed to a complete 
solution, by setting warehouses W3 and W 4 cither opened 
or closed, the cost can only increase. 

5 The minimum cost solution We have shown that the 
optimal solution to the sample problem is to open ware¬ 
houses Wi and Wa and close warehouses W3 and W4. 
Furthermore, customer Ci should be supplied from ware¬ 
house Wi and all other customers from Wa. 


Table A. Fixed warehouse cost and distribution costs from 
warehouse to each of five different customers 
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Duiiihunon eo.n 
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Ci 

Ca 

C; 

Wi 

$4,500 

$3.ooo 

$10,000 

$8,000 

$18,000 

$14,000 

Wa 

6,000 

9.000 

4.000 

6,000 

5.000 

5,00c 

W3 

6,000 

ia.000 

6,000 

10.000 

4.000 

8,000 

W 4 

8.000 

8.0C0 

6.000 

5.000 

12.000 

9.»o 


Figure M. Illustration showing how FLP works. (Courtesy Harvard Business Review.) 
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is to reduce the search for an optimum location by quickly eliminating 
undesirable alternatives. The numerical example of FLP shown in Fig. 
ure 9.3 illustrates the approach and the three principal concepts used i n 
the procedure. 2 

Outside Assistance. Because plant location is difficult and because 
many managers feel incompetent to undertake the task of choosing a new 
location, it is not unusual for companies to secure the services of outside 
firms or individuals to help with the problem. In fact, over 11,000 such 
firms are engaged in helping companies find new locations. At the re¬ 
gional level, for example, all fifty states operate development agencies, 
and railroads and utilities are also frequently active in this endeavor. 
These and similar agencies are usually quite reliable as well as discreet in 
not revealing the identity or plans of prospects if they wish to remain 
anonymous. 

At a more localized level, management can secure the services of area 
development organizations. These organizations provide data pertaining 
to communities and particular sites. They make special studies, arrange 
tours, and will recommend certain communities and sites. If needed, they 
will also aid in actually acquiring plant sites. 

If a community appears to offer possibilities, management may also 
call on local chambers of commerce, banks, or perhaps local development 
corporations for help in evaluating its attractiveness as a possible site for 
location. 

In addition to the above unpaid or free agencies, management may 
also turn to consultants and real estate firms for assistance. 


PLANNING 
THE BUILDING 

After a plant location has been decided upon, management's next prob¬ 
lem deals with the layout and design of the building. Although a building 
is designed and built to protect the property and employees of an orga¬ 
nization, this basic fact is often overlooked in planning the requirements 
for building structures. If property does not need protection, then it 
should not be housed. The petroleum and chemical industries furnish 
many examples of this principle in their refinery and processing plants. 

For those plants where employees, materials, and processes do require 
protection, however, the problems involved in designing and building 
an effective and economical structure are many. Likewise, the rewards 

2 Robert J. Atkins and Richard H. Shriver. "New Approaches to Facilities Location," 
Harvard Business Review (May-June 1968). pp. 70-79. 
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vcd from a well-planned building are numerous. For example, good 
budding design and planning can help reduce manufacturing cost by: 


1 Reducing work-in-process inventory. 

2 . Lowering materials handling costs. 

3 . Lowering storage costs. 

4 . Reducing the manufacturing cycle time. 

5 Simplifying manufacturing and employee control procedures. 

6 Reducing plant maintenance costs. 

7 . Decreasing work stoppages and interruptions. 

8 . Increasing plant flexibility and use. 

9. Reducing employee hiring and training costs. 

10. Increasing morale and reducing employee turnover. 


A new structure may. of course, be simply an addition to the current 
building, or it may consist of the fabrication of an entirely new plant. 
Anhough the problems of the two are not identical, their solutions are 
such that many basic considerations are applicable to both. 


GENERAL REQUIREMENTS 

The design of a factory building has become increasingly important to 
the overall economical operation of an enterprise. In addition to the 
specific requirements for a particular company, a plant in general should 
provide for a number of additional features. 

A layout should be provided, for example, which is conducive to in¬ 
creased production by making for an efficient flow of materials, work in 
process, and finished goods. In addition, it should allow for quick, easy, 
and low cost maintenance for the equipment housed as well as the build¬ 
ing itself. The building should provide pleasant working conditions 
which are conducive to improving employee satisfaction, pride in work, 
and morale. From an outside appearance standpoint, the building should 
be a welcome asset to the community with well-planned and handsomely 
landscaped grounds. The plant should provide for flexibility so that it 
can be adapted to changing production processes and technology without 
incurring excessive costs. Easy access to the building itself, to its service 
areas, and to its equipment is a must. It goes without saying, of course, 
that a building should be bom to function efficiently with durability 
and minimum obsolescence. And finally, a building should incorporate 
ease of communication in design, layout, and facilities. 

Building a plant to incorporate these and other features is obviously 
a costly undertaking and the more items considered in advance, the less 
the chance for error. To a great extent the economy with which a plant 
operates depends on the arrangement of its facilities and the adequacy 



180 


THE PRODUCTION SYSTEM 


I 


of its design and layout. A manager, therefore, should have a basic knowl- 
edge of certain technical problems in order to work with the architect 
and contractor in designing and building a plant that will meet the com¬ 
pany's manufacturing needs. In this section, therefore, we shall look at 
building types and construction considerations which could help ma ke 
the completed building a well-planned structure, affording a more pro- 
ductive work place for its employees. 


TYPES OF BUILDINGS 

Essentially most industrial buildings can be grouped into four classes- 

1. Single story buildings with varying roof structures such as flat, gable, and 
saw-tooth roofs. 

2. High bay and monitor types. 

3. Multistory. 

4. Special types. 

Determining the type, suitable for a particular firm depends, among 
other things, on the manufacturing process, technology of the line, cost 
of land, and cost of constructing the building. 

Single Story. The trend today is toward the construction of a single 
story rectangular building, particularly where land is available at a reason¬ 
able price. The reason for this is that a single story building affords the 
cheapest overall cost per square foot of operating space. In addition to 
being easily and quickly constructed, single story buildings offer such 
operating advantages as: 

1. Greater flexibility in layout. 

2. Truss construction makes for unimpaired operating space. Spans of 
over one hundred feet are possible. 

3. Minimum vibrations resulting from floors being on the ground. 

4. Ease of ventilation, heating, and air conditioning. 

5. Elimination of expense and maintenance of stairways and elevators. 

6. Easy to expand by removing a wall. 

7. Natural illumination is excellent when equipped with saw-tooth roof. 

8. All equipment is on the same level making for easier, more effective 
layout and control. 

9. Unrestricted floor load capacities. 

10. Less danger from fire because of lateral spread. 

11. Length or width may be changed easily. 

12. One level facilitates supervision and control. 


High Bay and Monitor Type Building. This type of single story 
building is designed to give maximum overhead space for a given floor 
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figure 9.4. Typical roof struc¬ 
ture* Cound in industrial 
buildings. From William G. 
Ireson, Factory Planning and 
Plant Layout (Englewood 
Cliffs, N.J.: Prentice Hall, 
Inc., 1952.) 



space. If properly designed and constructed, almost all of the vertical 
walls can be windows for natural illumination. The monitor type build¬ 
ing is usually found in companies requiring good natural ventilation and 
considerable overhead room for operating cranes and other overhead 
facilities. Buildings for foundries and steel mills, for example, are often 
of the monitor or high bay type, enabling the firms to take advantage of 
the natural ventilation resulting from the high roof and the center open¬ 
ings, in addition to providing ample room for crane operations. 

Multistory. This type of building provides for maximum operating 
floor space per square foot of land and, consequently, is usually found in 
districts where land prices are relatively high. Although easily adapted to 
the manufacture of light goods, multistory buildings present problems 
in heavy goods industries. Vibration and floor load capacities, for ex¬ 
ample, must be considered. In addition, materials handling can be rela¬ 
tively expensive for bulky materials because of the vertical transfer 
between floors. One often hears that a multistofy building is more eco¬ 
nomical than a single story building because a gravity flow of material 
can be obtained. This, however, has generally not been found to be the 
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case. Moving materials is more complex in a multistory building, and 
much time is spent by persons and material in transit from one floor to 
another. Even with modem materials handling equipment, it has been 
found to be cheaper and quicker to move material in a single story build- 
ing. 

Though not a problem, natural illumination in the center of a multi, 
story building is often poor. Also, flexibility is hampered in multistory 
buildings because changes in the width and length of a floor are usually 
impossible except at ground level. 

Special Types. In many instances plant buildings are combinations 
of the above three types. At times, of course, special plants are designed 
to accommodate a particular process. These combinations and specially 
designed buildings fall under no general category. Inasmuch as they are 
usually designed to accommodate one process, the buildings are often 
inflexible, and obsolescence in this type is high because of changes in tech¬ 
nology. 

TYPES OF 
CONSTRUCTION 

Many types of construction may be found in today's buildings. For indus¬ 
trial uses, however, the most popular are wood frame, brick, slow-burning 
mill, steel frame, reinforced concrete, and precast concrete. 

A wood frame building can be erected quickly but is seldom used by 
industry today because of the danger of fire, high insurance rates, and 
rapid depreciation. In brick construction both side walls and fire walls* 
are of brick, and floor beams and roof supports are carried on the walls 
necessitating relatively large pilasters. These pilasters serve to reduce the 
amount of space available for windows but are of little consequence other¬ 
wise. Brick buildings depreciate more slowly than wood, and changes and 
alterations can be effected with relative ease. Fire insurance rates, how¬ 
ever, are fairly high. A slow-burning null is usually constructed of very 
heavy timber and plank with brick fire walls separating major manufac¬ 
turing units. In the event of fire the heavy timbers and planks are slow to 
burn through to other floors and collapse: and the fire walls with fire doors 
make for self-contained fire units. Because of these features, insurance 
rates are relatively low on this t'pe of building. In fact, only reinforced 
concrete with sprinklers provides a lower insurance rate. Despite these 
advantages, however, this type of construction is seldom found today 
because of the excessive building costs compared ro other types. 

Essentially a steel frame structure is made up of steel girders, columns, 
and roof trusses with the spaces between the columns filled by brick, tile, 

3 A fire wall is a masonry or similar type wall that isolates departments or sections 
of a building to prevent the spread of a fire. 
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F'eurc 9.5- This aerial view of ihe Sangamo Electric Plant clearly illustrates growth 
in one location, employing a multistory mill type building (left background) typical of 
the 1890s, a saw tooth construction (middle foreground) typical of the 1920s, and a 
modern one-story straight-line production plant (foreground). (Design and construction 
by the Austin Co.) 


or some other type curtain wall. Insurance rates on steel frame buildings 
are relatively low and changes in the building can be made relatively 
easily. Heating, however, may be a problem with this type of construc¬ 
tion. 

Reinforced concrete is one of the most popular types of construction 
used today for multistory buildings because of its relatively low cost and 
low depreciation. In this type of building steel framing is encased in con¬ 
crete, thereby reinforcing it. Both the floors and their supporting columns 
are made of concrete reinforced with steel. However, the side and interior 
walls are often brick, sheet metal, or hollow tile. These walls, of course, 
are merely curtain walls and give no structural support. Although the 
insurance rate is quite low on reinforced concrete structures, changes in 
the building are costly and difficult to make. 

During the 1960s truly significant gains were made in the use of precast 
concrete sections for buildings because of their speed and economy. Sec¬ 
tions are either fabricated at a supplier’s plant and shipped to the site 
or are manufactured on the site where the quantity needed will justify 
setting up the casting equipment. One type known as tilt-up construction 
consists of concrete walls cast and cured on the ground and later tilted 
into their vertical positions. Thus, a wall is poured into a form on the 
ground to fit a particular wall space. After the concrete has set, it is tilted 
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into position by mobile cranes. These walk are often decorated with 
native stones, quartz, and the like by imbedding them in the concrete. 
The R. J. Reynolds Company used this type of construction for its plant 
in Winston-Salem, North Carolina, with panels of mortar dyed alter¬ 
nately brown and white. A ten-acre warehouse was built using this method 
for the General Services Administration in Atlanta. The project was com¬ 
pleted in less than six months—about one-third the time that normal 
brick and concrete construction would have taken. 

Lift slab, another type of precast concrete construction, was first used 
to some extent during 1950. In lift slab construction, the roof and floors 
are poured on the ground and, after setting, are hoisted into place and 
fastened to supporting steel columns. The tricky feature in lifting the 
floors is that a uniform lift must be given at each supporting column to 
prevent damage. This is usually accomplished by a hydraulic pumping 
unit. Lift slab construction has been used mainly for buildings with less 
than five floors requiring strict fire-proof features. The major advantages 
of lift slab are its speed and lower cost for good fire-proof construction. 
The economy and speed, of course, arise from the fact that practically 
all heavy work is done at ground level, thus precluding the necessity for 
scaffolds, elevators, forming, hoisting equipment, and the risk of work¬ 
men on scaffolds. 


CONSIDERATIONS 
IN BUILDING DESIGN 

Flexibility. Perhaps the most significant trend in building design to¬ 
day is the move toward greater flexibility. Flexibility makes the building 
less subject to obsolescence and provides greater operating efficiency as pro¬ 
cesses and technology change. Convertibility makes necessary structural 
changes possible at lower costs. One technique commonly employed to 
achieve flexibility is the use of large spans (100 feet or more) so that 
processes and layouts can be changed with minimum obstruction from 
columns. In addition, the placing of all heating, plumbing, and similar 
items in the truss work keeps them out of the way of production layout 
changes, and also makes maintenance easier. Greater flexibility and con¬ 
vertibility are also achieved by erecting no permanent obstructions in the 
manufacturing area and making all walls and partitions moveable. 

Expandability. Few companies expect to remain at a constant size; 
instead, they usually plan for a healthy growth in capacity and output. 
Recognizing this growth potential is important to factory planning for 
long-run requirements. 

An obvious step in achieving expandability is the acquisition of a plant 
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enough to provide for current needs as well as the foreseeable 
SllC land requirements. In building planning, the factor of expanda- 
future _ fircf Hpfprminina throncrh maonr additional 

through the addi- 


. . ^ incorporated by first determining through what means 

- will be acquired, that is, whether it will be througl 


floor space 


of more floors to the building, through horizontal expansion of the 
hiding, or through the addition of separate structures. 

Ul Q nce this is determined, the building can be designed with this growth 
• ro ind. For example, if vertical growth is expected, adequate founda- 
^ns supports, and so on, can be incorporated in the original structure; 

hereas if horizontal expansion is contemplated, the side walls can be 
^ade nonload bearing to provide for easy removal and expansion. Also, 
by recognizing growth potential, management can do a better job in locat¬ 
ing areas as well as providing the necessary capacity for plant facilities 
such as driveways, railroad-sidings, powerhouses, air conditioning equip- 
men., boilers, and the like. 


Emplovee Facilities. The effect of good factory planning on em¬ 
ployee comfort, morale, and productivity is significant. In the area of 
transportation, for example, the building planning should include pro¬ 
visions for adequate parking facilities. Driveways and approaches to the 
plant grounds and parking area should be designed to minimize hazards 
both for the driver and the pedestrian. 

The building plans should also include provisions for adequate locker, 
washroom, and toilet facilities for the maximum anticipated employment 
level. In addition, cafeterias, dispensaries, recreation areas, and picnic 
grounds are other items that suggest themselves under this heading. 


Fire Hazards and Plant Protection. Both employee safety and 
equipment protection demand maximum attention to construction details 
to provide a safe place in which to work. The building plan, therefore, 
should provide for maximum fire protection and should include such 
items as sprinkler systems, automatic fire alarms, fire escape mechanisms, 
smoke doors, fire walls, outdoor hydrants, and safety lights. 

The necessity and presence of certain hazardous operations in the pro¬ 
duction process may call for special attention in building design. For 
example, in areas in which inflammable materials such as gasoline and 
paint are used and stored, every effort should be made to minimize fire 
hazards by enclosing these areas with such things as fire walls and fire 
doors. 

Many firms, either for security reasons or to prevent theft, experience 
the necessity of admitting only authorized personnel on the premises. 
These aspects of plant protection should be incorporated in the original 
plans by specifying such items as fences, night lights, and alarm systems 
as well as making adequate provision for guards'and guardhouses. 
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Miscellaneous Design Details. In addition to the above, good £ ac . 
tory planning also includes a consideration of probable floor loads and 
capacities. With the development and use of more automatic machinery, 
floors should be constructed to support probable future equipment. 

The spacing of columns can be an important factor in a building. For 
example, one company was able to store only three instead of four ma¬ 
chines between supporting columns because they were located eight inches 
too close together. Overlooking this "minor” factor in the design of the 
storage area caused a 25 percent loss in storage potential. Supporting 
structures should be located and spaced after determining the flow of 
material and general layout of an area. 

Quite frequently, service facilities such as heat, air conditioning, and 
water are located overhead. This overhead location along with the pos¬ 
sible use of overhead materials handling equipment demands that extra 
rooftruss capacity be included in areas where such a potential exists. 
Building plans should also include adequate clearance between machinery 
and low ceiling structures such as sprinklers and pipes. Three-dimen¬ 
sional models aid in determining clearance requirements for machines 
as well as materials handling trucks and equipment. 


TRENDS IN DESIGN 

A very definite trend has been discernible toward the construction of 
single-story plants, and toward their location outside of urban areas. This 
is probably due in part to labor s mobility, and in part to the long-run 
lower operating costs. 

There is also a trend in designing plants to locate many employee 
facilities in the basement. For example, it is not uncommon to find wash¬ 
rooms, lockers, cafeterias, recreation areas, entrance and exit tunnels, arid 
first-aid dispensaries in basement areas. In addition to getting these facili¬ 
ties off the regular manufacturing floor, this location provides a very 
low per-square-foot cost. The Euclid, Ohio, plant of the Lincoln Electric 
Company, for example, employs this design feature with stairs about every 
200 feet leading to the production floor. In addition to utilizing a low- 
cost area, the basement entrance and exit tunnels substantially reduce 
the confusion and traffic congestion in the manufacturing area during 
shift changes. 

Another approach to the problem has been to use "air rights" of a 
plant by locating employee washrooms, toilets, and so on, on mezzanines. 

\ Along this line, the Ford Assembly Plant near Atlanta, Georgia, uses a 
system of mezzanines for entrances to the assembly areas. Stairs on the 
outside of the building lead to the mezzanines, with stairs down to the 
work area located at appropriate intervals for easy access. 
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LOCATING THE BUILDING 
ON THE SITE 


buildings are misplaced on a site simply because no real thought 
ire were exercised prior to construction. A poor location on a build- 
? n ^ te ma y result in expensive operations, poor materials handling, 
^ lovee inconvenience, and poor public relations. With a minimum of 
fanning, management can do much to preclude such situations from 

developing* 

To aid in establishing a good location on the building site, manage- 

en t should gather complete information pertaining to the site. For 
le data relative to the slope, soil conditions, neighboring plants, 
railway lines, highways, streets, and the like should be collected. This 
information is then compared with a detailed plan of the building that 
shows proposed manufacturing areas, floor loads, windows, walls, supports, 
sewers, drains, and so on. With these data available, management is in 
a position to determine placement of the building so as to achieve, insofar 
as possible, maximum utilization of the natural drainage, maximum utili¬ 
zation of sunlight for illumination and heat, and maximum utilization 
of prevailing winds to clear out fumes and smoke. In addition, place¬ 
ment on the site should be one that locates manufacturing areas requir¬ 
ing railway service near a railway siding and areas using truck services 
near a street. The office location should afford easy accessibility for em¬ 
ployees as well as visitors. Parking facilities, if possible, should minimize 
employee walking and should be located for easy accessibility to highways 
and streets. 

The possibilities of future expansion should be considered and the 
building as well as walks, parking lots, sewers, and the like should be 
located so as to provide minimum disruption when future additions are 
made. As we have previously indicated, hazardous processes and poten¬ 
tial fire centers, such as paint rooms, should if possible be isolated from 
other areas and buildings. Noisy, smoky, odor-producing areas should be 
isolated to aid in controlling the undesirable effects of these conditions. 

Although not complete, the above are indicative of the things that 
management should consider and give careful thought to before locating 
the building on the chosen site. 


MANAGEMENT'S JOB 

Planning and locating a factory building are of obvious importance to 
management. A manager, however, is not expected to be either a com¬ 
petent architect or a building engineer. He should, however, recognize 
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the value of good factory planning and be aware of the major aspects of 
plant location and design covered in this chapter. With this awareness 
and understanding as a foundation, he is much better equipped to work 
effectively with the architect and builder in designing and constructing 
a more nearly ideal plant. 


STUDY QUESTIONS 

1. Rank the factors determining plant location. Explain the reasons for your 
choices. 

2. If you were called upon to help locate a soft drink bolding plant, which 
factors would you weigh most heavily? Why? 

3. Comment upon: "Taxes should never be a deciding factor in plant location." 

4. What procedure should you follow in locating a plant? 

5. In your opinion, what would be the characteristics of an ideal plant location? 

6. Explain the ten ways in which good building design can help reduce manu¬ 
facturing cost. 

7. Discuss the advantages and limitations of the major types of building con¬ 
struction. , 

8. What are the major factors you should consider in designing a building? Why 
are they important? 

9. What is management's basic job in building design? 

10. Explain the part, if any. that product technology plays in building design. 
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FACILITY 


LAYOUT 

AND 

i 

ENVIRONMENT 



Plant or facility layout in its broadest sense is a part of the 
overall system we have previously referred to It includes 
everything from the original design of the building to the 
location and movement of a workbench. It is an integral 
part of: 

production planning —it allows, promotes, and aids the crea¬ 
tion of utility; 

mpintenance —it affects the amount, difficulty, and time re¬ 
quired for it; 

materials handling—this is necessitated by the design and 
layout of the plant; 

organization —physical layout often determines areas of au¬ 
thority, spheres of personal influence, and the like. 
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This listing could go on, but these illustrations serve to remind us that 
the layout of facilities is, in fact, an intimate part of every enterprise, 
be it a department store, a service station, a restaurant, or a manufacturing 
plant. It is the unapparent and underlying physical aspect of organization 
which lends utility, effectiveness, and harmony to an enterprise. 

Creating a work environment that is both esthetically appealing and 
practically effective is a difficult task. Obviously any enterprise must be 
technically and competitively operative. At the same time, however, it 
should~be so arranged and organized physically that it will‘provide a 
work environment that will be conducive to effective and harmonious 
work. With some forethought and effort, management can ddsmuch to 
create an atmosphere that will achieve both ends. 

Obviously, machines, equipment, materials, employees, fixtures—all 
the facilities necessary for engaging in an activity—must be given a place 
to worlc. How they" are located and where they are located, however, may 
well determine the firm’s efficiency, its profit potential, and even its exis¬ 
tence. At the same time, the work environment of noise, color, light, and 
heat may well determine an employee s productivity, morale,' and job 
•satisfaction. In this chapter, therefore, we shall examine briefly the major 
factors affecting plant layout and the environment in which an employee’ 
works. 

LAYOUT 


companies, layout is a constant problem, not one that presents I 
modically. Technology is continually making newer and better 


For most 

itself spasmodically. Technology is continually making newer and better 
manufacturing techniques available. By the application of advanced.tech¬ 
nology' new procedures are a necessity in hospitals—calling for new lay¬ 
outs. And in retail establishments technology helps develop advanced 
products which call for new space and displays for customer choice. Thus 
a new layout may be necessary because of technological c hanges in7hp^ 
products as well as simple changes in processes, machines, methods, and 
materials. Fitting these changes into a scheme of work may call for either 
completely revamping the entire layout of a process, or merely changing 
a minor material location. 

^ Good layout deals with the orderly and efficient arrangement of all 
.work facilities and personnel. By work facilities, we mean not only the 
equipment used but also service areas, receiving and shipping points, 
maintenance space, storage areas, and so on. Enterprise layout involves 
areas and facilities within the building as well as those outside. Good 
layout helps in the economical production of goo$s*and services through 
the proper location of needed facilities, thereby effecting a minimum of 
materials handling and movement.,/'""' 

We would probably be more nearly correct if we said that layout of 
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is not a problem of layout but usually one of relayout because 
w° r * areas^ have the opportunity to develop a new layout for a 
fe* 0 e$s or building. The job of initial layout is present only once, 
new ^ re layout and relocation of facilities constantly recurs. Be- 

bUl 1 most people refer to this job of relayout as simply layout, it will 
^ lhat con,ext here 


TEC nvzs of Good Layout. The objectives of layout are legion. 
The following partial list will suggest some of the reasons for engaging in 

the process; 

^j/Reduce manufacturing costs. 

2. Increase employee safety. - 

3. Better quality of product. | ^ /y 

4. Better service to the customer. 

5. Reduce capital investment. 

6. Increase flexibility. 


7 improve employee morale through providing for improved comfort and 
convenience in work areas. 

8 Reduce work in process to a minimum. 

9. Minimize materials handling and loss. 

10. More effective utilization of floor space. 

11. Reduce work delays and stoppages. 

12. Better work methods and utilization of labor 

13. Improve control and supervision. 

14. Easier maintenance. 


15. Reduce manufacturing cycle. 

16. Better utilization of equipment and facilities. 

17. Elimination of congestion points. 


Often in manufacturing si tuation s we hear of a new plant layout de- 
creasing the manufacturing cycle time, thereby making for an increase in 
capacity and enabling a company to produce more products. This is not 
possible. Reshuffling the equipment in a plant does not increase its 
capacity to produce. Capacity changes result from changes in processes, 
methods, or equipment. Although layout may make for more effective 
utilization of given facilities such as floor space, it cannot increase capacity 
but only reduce the Manufacturing cycle time. 


WHEN TO CHANGE 
A LAYOUT 

Evaluating a company's layout and determining whether or not it needs 
changing is a challenge. When new products, new machines, design changes, 
methods changes, and the like present themselves for incorporation in 
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the manufacturing process, the need for a new layout is usually obvious j/ 
Most of us find it difficult, however, to watch a process and determine if 
a good layout exists, because we do not recognize signals that indicate 
improvements could be made in the layout. 

Poor layout suggests itself injeveral ways. A cluttered work area with 
goods in process stacked around machines and in aisles suggests possible 
improvements. Excessive manufacturing intervals, poor customer service 
and lack of control over employees and materials are also indications that 
layout might be improved. Poor quality of product, relatively poor safety 
records, lack of flexibility, and high maintenance costs often point to the 
possibility of improvement by better layout. 

Such items as these, however, should not be accepted as conclusive 
evidence that a layout needs changing. The causes of some of these 
conditions are often external to the manufacturing plant and may be 
temporary in nature. For example, the press of business, such as that 
existing for many companies after World War II, may result in an over¬ 
load of facilities, thereby causing long manufacturing intervals, poor cus- 
tomer service, and the like. We should, therefore, carefully study the 
indications of poor layout to determine if they exist because of poor lay¬ 
out or if, instead, they are symptoms of some other trouble. 


TYPES OF LAYOUT 

Plant layout may be classified into two fundamental types: (1) procesT 
layout and (2) product layout.c/" 

Process Layout. £ln layout by process, sometimes called functional lay¬ 
out, all like machines or processes are grouped in one area or department) 
For example, all drill presses are grouped in one area; all saws, in another; 
and all lathes, in another department. Thus, in a plant laid out by process, 
products that require holes to be drilled in them would be moved to the 
drilling department for this work, and then be moved to subsequent 
departments or areas for other work. In process layout similar machines 
are grouped in one area and these machines perform work on different 
products (This type of layout is commonly found in job order shops and 
plants producing a limited number of unlike products.) 

Where a standard product is not produced qr where the quantity of 
parts produced of a standard product is low, layout by process is usually 
more desirable because of the flexibility it allows. 

(As a general rule, this type of layout results in a lower investment in 
equipment because of less duplication of machinery .) Frequently, this 
makes for better utilization of equipment. (Process layout is the most 
flexible layout that can be developed with respect to the type of work 
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h t can be performed) This results from the use of general purpose ma¬ 
chines and the many alternative ways in which work can be performed. 
^ttVhen a varied number of products are manufactured in relatively small 
^umbers, then process layout usually results in lower manufacturing costs 
Ihan other types of layout*}©* course, with process layout, changes in the 
equence of operations are not disruptive and can be incorporated with 
minimum inconvenience. Along this same line, if one machine breaks 
down, this will not stop manufacture because the parts originally sched¬ 
uled to be fabricated on that machine can easily be transferred to another 

similar machine. • 

process layout, however, involves difficulties in routing, scheduling, and 
controlling the manufacture of products because of the almost endless 
combinations of sequences that often can be used in processing similar 
items. Linear programming can be used to advantage here. Materials 
handling equipment, if present, is less specialized because of the variations 
in the path of travel and, therefore, more individual hand labor is re¬ 
quired. Thus materials handling and transportation costs are usually 
high in process layout. In addition, coordination and control are difficult 
because of manufacturing variation; processing time is usually longer; and 
inspection costs are often high resulting from an inspection after each 
operation. 

Product Layout. ^*In product layout, machines and other manufactur¬ 
ing facilities are located in the sequence required to manufacture the 
product^Thus, if the sequence of operations for a given part consists of 
drilling a hole, milling a slot, and forming the part, then the arrangement 
or layout of machines to manufacture this part would consist of, first, a 
drill press to drill the hole; next, a milling machine to mill the slot; and 
last, a press to form the part. In effect, the operations necessary to fabri¬ 
cate the part are determined and the machines are then placed in the 
sequence needed to effect these operations^ n layout by product, there¬ 
fore, different machines are grouped in an area to process only one prod¬ 
uct or a few very similar products.) 

Though relatively inflexible, layout by product is quite common in all 
large mass production industries such as the automotive and electrical 
industries. These types of industries elect it because the manufacturing 
cycle time is shorter with a consequent smaller investment in goods in 
process .//U sually, product, layout makes more .automation applicable, 
requires less hand work, and allows for the application of labor specializa¬ 
tion. These factors, along with lower labor skills and training time ac¬ 
cruing from the specialization of labor, mean lower labor cos^. [inasmuch 
as products move over a predetermined path of manufacture, routing of 
products is no problem and both labor and material flow can be controlled 
more easily. Also, because machines are set to perform a particular opera- 
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tion on a part, less inspection is required. Frequently this type of layout 
also results in better utilization of floor space and less materials handling. 
Where volume makes it possible, therefore, product layout means lower 
manufacturing costs, r- 

This type of layout is useful only in the manufacture of large quan¬ 
tities of a given product where balance in production lines is possible. 
For products that are highly subject to style and design changes, layout 
by product may be costly because of the constant modifications and 
replacements of the special purpose equipment. However, where designs 
are not changed too* frequently, product layout may be economical if 
sufficient volume is present(Layout by product usually results in higher 
capital investments because of machinery duplications and the high cost 
of special purpose equipment. J 

Combinations. Product layout and process layout are the classic types 
of layout, but they are more often found in combination than in their 
pure forms. A plant may use process layout, for example, in the manu¬ 
facture of component parts for an item, but assemble and test the item 
on a product layout basis. What is desired in good layout is the economical 
flow of material through the sequences of manufacture, and the proper 
layout is the one that contributes most effectively to achieving this objec¬ 
tive. 


FUNDAMENTAL CONSIDERATIONS 

IN LAYOUT 

In developing an effective layout for an enterprise, we should keep in 
mind several fundamentals which exert a significant influence on achiev¬ 
ing a good and workable arrangement. The following are among the 
major fundamentals most often cited. 

Products. The products used or manufactured exert considerable 
influence on layout. Heavy bulky items, for example, require special 
consideration in materials handling and movement and might call for 
layout by product. On the other hand, small light items that can be easily 
transported may be more economically produced on a functional or 
process layout. Products with hazardous and dangerous operations neces¬ 
sary to produce the item may call for isolation instead of integration on a 
line basis. Other considerations include product value, fragility, inspec¬ 
tion and quality requirements, volume, protection, and secrecy required. 

Operations Sequence. The sequence of operations is obviously of 
major importance in product layout because it is' the basis on which the 
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1 out is developed. In process layout, however, the operations sequence 
also exert considerable influence, especially where multiple products 
necessitate functional layout, but where the required sequence of the func¬ 
tional departments is indeterminate. For example, if most of the products 
manufactured in a job-order shop follow the general sequence of shearing, 
milling- and finishing, then, other things being equal, the best overall 
departmental layout would be one locating the shearing department first, 
the milling department next, and the finishing department last. Although 
this arrangement would not present a minimum flow for every product 
manufactured by the job-order shop, the sequence for the majority of 
products would follow this pattern and therefore present a minimum of 
flow and materials handling. 


Spacial Requirements. Errors may result in layout when we consider 
only the number of square feet of floor space covered by a piece of equip¬ 
ment. A restaurant table, for example, requires floor space around it. 
In a factory we should also consider overhead clearance, machine travel, 
and machine height. A jib crane, for example, may require only two 
square feet of floor space to install but needs an operating space equiva¬ 
lent to a twelve-foot diameter circle. Just as the machine needs a proper 
allocation of space to work effectively so does the employee operating 
the machine. This employee area includes both ample work space and 
sufficient clearance for employee safety and health. 


In addition to the above, we should also consider the spacial require¬ 
ments of materials handling equipment, especially mobile equipment 
such as fork trucks. Sufficient aisle, turning, and operating space should be 
allowed in all areas where they will be used. 


Equipment. Not only should we consider capacity and floor space in 
machine layout, but also machine weight and operating characteristics. 
Heavy equipment must be placed on flooring that can bear the load. 
Equipment that vibrates in operation may require placement on a ground 
floor. Facilities that produce harmful or irritating odors and noises may 
require isolation or a particular location that would minimize their unde¬ 
sirable operating characteristics. 

Maintenance and Replacement. The sad story is often told of a 
/ machine located so close to another machine or to a wall that repair and 
^maintenance could not be performed. Not only should access to parts 
for regular maintenance, such as oiling, be considered in layout, but also 
access to machine parts where replacement and repair are fairly common. 
In addition, sufficient aisle space should normally be provided so that 
major pieces of equipment can be replaced without physically moving 
the other units to create an aisle. 
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Balance. Balance in layout refers to the arrangement of machine 
capacity to achieve a relatively uniform flow at capacity operation. A 
bakery, for example, would not be in balance if the oven continuously 
baked loaves at the rate of 400 per hour, and the wrapping machine 
could only wrap 200 loaves per hour. The reverse, with a 400-loaf wrapper 
and a 200-loaf oven, would also represent lack of balance. 

Achieving balance in layout eliminates bottleneck operations, as well 
as preventing the unnecessary duplication of equipment capacity. Balance 
is a major consideration in layout by product, for it is here that a lack 
of balance can most easily hinder the production of goods. In job-lot 
shops and in those plants employing layout by process, exact balance is 
almost never achieved. The variety of parts manufactured prevents it. 
However, even in these plants, experience can be used to determine 
points of either excess or insufficient capacity and appropriate adjust- 
ments can be made. 

Minimum Movement. All other things being equal, the layout that 
affords a minimum of material movement is the best layout. Although it 
is unusual to find conditions where all other things are equal, this prin¬ 
ciple, nevertheless, is quite useful in layout development and should be 
of prime consideration. Less movement involves less labor, less time, and 
less equipment. Reducing any portion of these is usually desirable. 

Flow. The basic purpose of plant layout is not to achieve a static 
arrangement of machines, but rather to achieve an optimum flow of ma¬ 
terials through the plant. In fact, the effective flow of materials in a plant 
or people in a department store is the heart of any good plan of layout. 
We should, therefore, place a major emphasis on developing a layout that 
aids in achieving an effective flow while adhering to the fundamental of 
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Figure 10.1. Typical flow patterns found in business enterprises. 
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minimum movement. Figure 10.1 illustrates some of the major flow pat¬ 
terns used by industry for minimum movement. 

The material flow pattern for a plant or for a specific area in a plant 
can easily be determined by indicating on a floor plan of the area the 
path followed by the product during its manufacture. Figure 10.2, for 
example, shows the material flow used in the manufacture of metal book- 
ends. The lines show the path of the movement with the arrows indicating 
the direction. Thus, we have a pictorial presentation of the flow pattern 
used in the manufacture of the bookends. When confronted with this flow 
picture, the manager immediately rearranged his layout to achieve the 
"flow illustrated in Figure 10.3. 

Waiting and Service Areas. In our zest to provide flow and move¬ 
ment, we often overlook the necessity for providing areas where material 
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may collect to await further processing, inspection, or shipment. Such 
points are usually needed in receiving and shipping departments, by spe¬ 
cial machines or processes for banking materials, and in scrap storage 
areas. In locating equipment service areas, such as maintenance shops 
and tool cribs, and employee service areas, such as cafeterias and lockers, 
we should carefully consider the traffic involved, the frequency of use, and 
their spatial requirements, in addition to the other fundamentals dis¬ 
cussed. 

Plant Climate. Special requirements for heat, light, and ventilation 
often determine the location of a machine or process and should be in¬ 
cluded in any layout study. For example, paint shops and plating rooms 
often require location on an outside wall so that dangerous fumes can 
be removed more easily by special ventilating equipment. 
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lUTY. Changes in products, processes, equipment, and methods 
inevitable. Layouts, therefore, should be designed so as to 
effect of subsequent changes on the production process. 
Bl * n VBtY in lay° ut can be achievecl in several ways. For example, mobile 
^ C hi ery may be used, or the equipment may be mounted on temporary 
ber footings instead of being permanently affixed to the floor. Also, 
■the layout of service facilities, such as utility outlets and heating units, 
10 should' consider easy accessibility. Electric outlets, for example, may 
WC ended overhead for flexibility rather than buried in a concrete 
be sUS P^ ese an( j s i m iiar considerations make for easier and quicker 

changes in layout. 


DEVELOPING 
A NEW LAYOUT 

Layout development is not a one-man job. Instead it should represent 
the concerted efforts and thoughts of all the major department heads in a 
business. Working closely with a layout often blinds one individual to 
obvious omissions, errors, and improvements. Planning a layout with the 
help of others will do much to alleviate such occurrences. 

Developing a new layout is not difficult but requires a systematic and 
consistent approach. Obviously, the considerations discussed above should 
be firmly fixed in mind, with particular attention given to flow, product, 
machinery, minimum movement, and sequence of operation. These are 
fundamental considerations and a good layout must encompass the 
peculiarities and limitations imposed by them. With these considerations 
clearly in mind, we can easily develop a new layout by following four 
steps: 

1. Determine the objective of the layout. 

2. Develop a general flow plan for the major areas. 

3. Develop a flow plan and detailed layout for the smaller divisions. 

4. Evaluate the proposed layout. 

Objective. Before undertaking any specific action in layout develop¬ 
ment, we should have clearly in mind what we want to accomplish—the 
objective of the new layout. We should include such items as the scope 
of the undertaking, permanency, the productive process involved, and the 
area available. We should also consider whether the layout is to accom¬ 
modate current output or is to encompass probable future expansion. If 
the latter, sales trends and new processing techniques should be included. 

Major Areas. With the objective firmly in mind, we next develop a 
broad general plan of flow and layout. In this step, we aim tQ develop 
the overall pattern of the flow of goods and materials through the plant 
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from department to department. Little thought is given to processing 
and movement to particular machines within departments. For example 
if the area under consideration involves three departments on one floor 
of a building, then the relationship among the three departments on the 
floor would be determined in this step. Thus, we might consider the 
relative location of the welding department with respect to the pai m 
department and the assembly department. Their overall relation to each 
other and the best location and sequence of each department to provide 
the best flow of materials are of prime consideration here. At this stage 
we devote very little thought or attention to the specific layout of each 
of these three departments. 

Small Divisions. With the relative location of the major areas de¬ 
cided, we next plan the layout within each of these areas or departments 
In this step, we consider the movement, flow, and processing of a product 
within a department. Thus, machines and other facilities are located in 
the department so as to present the best practical layout. In this step we 
must keep in mind the fundamentals of layout previously discussed, be¬ 
cause they apply most frequently to the layout of specific areas. Of course 
we should also consider the layouts of adjoining areas, particularly if 
products flow to and from them. ' 

Completing this step yields a possible layout. Our last job is to evalu¬ 
ate the new layout before we install it. 
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Figure 10.4. Three-dimensional model of the plant built at Botlek in The Netherlands. 
Note that overhead beams, pipes, etc. are shown along with a model of a man. (Courtesy 
American Cyanamid Co.) 
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a te THE Layout. After developing the proposed layout we 
Id double check each step for omissions as well as possible improve- 
*“ oU ‘Although the department heads should have been consulted dur- 
® en ^e development of the new layout, their evaluation and approval of 
final layout plan should also be secured because the proposed plan 
the resents a coalition of their ideas and a compromise of their require- 
re P Thus, because the final plan is a compromise, it may not be the 
bes” possible layout, but instead is usually one of several layouts that 

would work equally well. 




PRESENTING 
THE LAYOUT 


Many layout specialists have found that two-dimensional and three- 
dimensional layout presentations are of real value in both developing 
and presenting a proposed layout. In fact, most companies when under¬ 
taking any plan for relayout will employ one or both of these aids because 
of the help they lend in preventing costly layout errors and in visualizing 
and selling a proposed plan of layout. 


Two-dimensional Layouts. A two-dimensional layout is a floor plan 
of an area with the arrangement of the machines and other manufacturing 
facilities indicated on it. The layout and location of equipment can be 
scale drawn, but construction is considerably facilitated by using tem¬ 
plates. 

Templates are two-dimensional cutouts of the floor space taken up by 
machines and other facilities such as fences, conveyors, and skids. These 
templates may be drawn to scale on any suitable material (cardboard, 
heavy paper, plywood) and cut out, or they can be purchased from com¬ 
panies specializing in their manufacture. These templates are used to 
develop a layout by arranging them and moving them about on a scale 
drawing of the floor area. Thus, by using templates, various schemes of 
layout can be easily and quickly visualized and developed, and costly and 
slow planning through drafting is eliminated. The templates can be 
colored to give emphasis or distinction to machines or departments. Also, 
colored string or tape can be used to show the flow of materials from 
machine to machine. Once a layout has been agreed upon, copies of the 
plan can be made by using various reproduction processes such as blue¬ 
prints, photographs, photostats, and so on. 

Although relatively inexpensive and easy to use, templates and other 
two-dimensional layout techniques can result in serious errors in complex 
manufacturing situations. For example, a washing machine manufacturer 
using a two-dimensional layout planned the installation of an overhead 
conveyor to carry partially assembled units over a machine area. When 
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the conveyor was installed the engineer found that the conveyor had to 
be lowered in one place to clear an overhead beam and in so doing would 
not clear the equipment in the machine room. A new route for the con- 
veyor resulted. This oversight was costly in both time and material and 
could have been avoided by using a three-dimensional layout of the area. 

Three-dimensional Models. Many companies use three-dimensional 
models to help design and develop a new plant and relayout an old one. 
A three-dimensional layout is an exact model of the proposed building 
including columns, supports, and so on. Multiple story models are often 
made of Lucite or some other clear plastic, and floors and sections can 
be separated so that photographs and prints can be made of any individ¬ 
ual part. All proposed equipment is reproduced to scale and placed on 
the model in its proposed location. Models of buildings and manufactur¬ 
ing facilities can be made in a firm's shop, or they may be purchased from 
companies who specialize in their manufacture. 

In addition to layout, the major components of an employee’s work 
environment are light, color, heat, and noise. Individually, these may be 
more important to the average worker than plant layout—though good 
layout within the framework of good work environment plays an impor¬ 
tant part in establishing the total work climate of a plant. 


lighting 

Perhaps the most important single environmental factor contributing to 
employee satisfaction and productivity is adequate light. This importance 
is even more apparent when we realize that 85 percent of all working 
movements are controlled by sight. Good lighting helps provide a safe 
working place, aids in the performance of operations, and helps conserve 
vision' and energy. An operator’s efficiency depends on how fast and ac¬ 
curately he can see, and a well-planned and properly maintained system of 
lighting will contribute significantly to increasing an employee’s operat¬ 
ing effectiveness with less fatigue and greater safety. This is not to say 
that good lighting is a cure-all for lagging production. Obviously many 
other factors are included. 

•^^eading managers generally agree, however, that the following benefits 
can be partially attributed to good lighting: 

1. Increased production and decreased cost. 

2. Greater accuracy resulting in improved product quality. 

3. Improved housekeeping and general plant cleanliness. 

4. Reduced accident rate. 

5. Better floor space utilization. 
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cater ease of seeing, making for continued production by older em- 
6 ployees and less eyestrain among all employees. 

7 . Easier supervision. 

8 Imp roved morale. 

9 Decreased labor turnover. 

10. Decreased spoilage and consequent rework./ 

probably the most widely known series of experiments attempting to 

asure the relationship between output and good lighting is the one 
m ducted at the Hawthorne Plant of the Western Electric Company, 
It was thought that as illumination was increased, productivity would 

1^ increase. The experiment, however, failed to indicate a definite 
relationship between changes in the intensity of illumination and changes 
. rale of output. However, the researchers concluded that this rela¬ 
tionship was not found between productivity and illumination, not 
because such a relationship did not exist, but because they found it 
impossible to isolate the effect of light on productive efficiency. In this 
instance, for example, the psychological as well as other behavioral tenden¬ 
cies had to be considered. 

Thus, although the relationship between output and good lighting is 
difficult to measure, little doubt exists that increased production directly 
results from improved lighting. In fact, many reports attest to the effec¬ 
tiveness of good lighting on output. For example: 

1 . Scot, Inc., reported improved product quality and less employee fatigue 
when an improved lighting system raised the general level of illumina¬ 
tion from 75 to 200 foot candles,* with supplemental lighting up to 750 
foot candles available.* 

2. When adequate illumination was provided, one company reported a 25 
percent increase in punch press production. * 

3 . A textile mill increased output 9 percent and reduced inending costs 33 
percent. 

4 . A machine tool manufacturer reported a 15 percent increase in produc- 

' tion* 

5. A hardware manufacturer reported production increased from 25 to 50 
percent with better lighting. He attributed this to more efficient machine 
operation and better inspection of work in progress as a consequence of 
better seeing conditions . 4 

6 . In a study made of setting type by hand it was found that with an illumi¬ 
nation of 1.3 foot candles, the relative figure for type set was 76; with 
6.8 foot candles, the type set figure rose to 88 ; with 14 foot candles the 

1 A foot candle is that unit of illumination intensity which is equal to the direct 
illumination given by a standard candle when placed 1 foot from the object illuminated. 

2 "Better Lighting Ups Quality, Reduces Fatigue.” Factory (February 1964), p. 165. 

3C. E. Egeler, "Good Lighting and Color Stimulates Higher Industrial Production," 
Electrical World (February 26. 1951). p. 85. 

4 Dean M. Warren, "Increasing Production by Adequate Lighting,” Machinery (De¬ 
cember 1940), p. 129. 
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relative figure increased to 94; and with 24.5 foot candles, to 101. With 
it all. the percentage of errors decreased as the amount of type set rose.* 

The experiences above illustrate fairly clearly the effect of adequate 
illumination on production. Despite these findings, however, a recent 
survey G indicated that average work areas in the machine tool industry 
were lighted at less than half the level needed. 

From an expense standpoint, general industrial experience has shown 
that the cost of good lighting ranges from 2 to 5 percent of the payroll, 
with returns of from 5 to 25 percent in increased production not unusual 
In addition, better working conditions brought about through improved 
lighting aid in reducing accidents, decreasing absenteeism, lowering labor 
turnover, reducing the time lost on the job, and attracting a higher grade 
of worker. The net effect is that a present-day plant manager cannot afford 
to have inadequate lighting in his plant. 





/ 

Figure 10.5. Difference* 
in illumination. (Courtesy 
Champion Lamp Works.) 


x Characteristics of Good Lighting. High levels of illumination by 
^themselves are not sufficient to provide good seeing conditions. Many other 
^ characteristics also affect our ability to see. Some of these characteristics 
are associated with the physical aspect of the work and workplace, while 
others, such as fatigue and reaction time, are more closely associated with 
the employee. In this discussion, we will concern ourselves with the physi¬ 
cal characteristics of the work because these are the ones that most often 
contribute to an employee's personal limitations to good seeing. 

5 "Lighting as a Factor in Production." Engineering (July 2, 1943), p. 12. 
o "Survey Shows that Poor Lighting Costs Money." Modern Manufacturing (Janu¬ 
ary 1969), p. 84. 
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Enough Light. Having enough light is a function of several interde- 
ndent variables which determine our ability to see. Size, for example, 
s an important role in coniributing to our ability to see clearly. As 
*he size of an object increases up to a certain point, the visibility and the 
with which it can be seen increases. Thus, when we bring a small 
. c Joser to our eye, this in effect increases its visual size. Additional 
'. f. on a small article also acts as a magnifier, making visible small details 

tffat could not otherwise be seen. , 

Time is another variable that must be considered. Seeing is not in¬ 
stantaneous and although it is possible for the eye to distinguish small 
details under low levels of illumination, such seeing requires more time. 
Ouick and easy seeing demands more light. The importance of time in 
seeing is even more obvious when the object is moving. In fact, for easy 
and quick discernment under such conditions, high levels of lighting are 

needed. 


TABLE 10.1. .Recommended Levels of Illumination for 
Various Industrial Areas f 


Area 

-#- 

Recommended 
illumination 
in footcandlcs 

Automobile frame assembly line 

50 

Automobile final inspection 

200 • 

Bakery wrapping room 

30 

Clay products—fine coloring and glazing 

300 • 

Cloth inspection areas 

2000 • 

Forge shops 

50 

Garage—service repair area 

100 

Garage—traffic area 

20 

Inspection—ordinary 

50 

Inspection—highly difficult 

200 • 

Inspection—most difficult 

1000 • 

Machine shops—ordinary work area 

100 

Machine shops—extra fine bench work 

1000 • 

Office areas—reading, transcribing, filing, etc. 

100 

Receiving and shipping areas 

20 

Service areas—elevators, lobbies, hallways, etc. 

10 

Sheet metal work area—ordinary 

50 

Textile mills—carding and drawing 

50 

—grey goods inspection (hand turn) 

100 

—drawing-in by hand 

200 • 

—weaving 

100 

—winding (white) 

30 

—winding (colored) 

50 


• Combination of general plus supplementary lighting. 

t Adapted from "New Footcandle Tables.” Illuminating Engineering (August 1958). 
pp. 425-28. 
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Determining the precise amount of illuminatioRjequired under various 
working conditions is difficult because of these and other variables. Table 
10.1, however, may be used as a guide in the general illumination of 
various types of work areas. 

No Glare. The object should be free from glare. Glare can come 
directly from a source of light or it can be reflected. Bare lamps and i m -l 
properly shielded lamps serve as sources of direct glare. Raising reflectors 
and providing shields may correct this deficiency. Reflected glare results 
from the nature of the material because of its polish, finish, or gloss. Glare 
is most annoying to the employee because he must look directly at it to 
accomplish his work. This condition can often be remedied by relocating 
the work and source of light to prevent or reduce reflections toward the 
worker 

No Sharp Contrasts. Each part of an object should differ in bright¬ 
ness from other parts of the object and from the surrounding background 
if the part is to be easily seen. This contrast between an object and its 
immediate background should be made as high*as possible but still not 
present a shair> contrast. Where poor contrast exists, a high level of bright¬ 
ness will help compensate for the condition. 

Brightness. The brightness of an object depends on the amount of 
light reflected from an object to the eye. The amount of brightness re¬ 
quired for good vision is many times greater than the amount of bright¬ 
ness required for discernment only. Although the size of a product or its 


TABLE 10.2. Recommended Brightness Ratios* 

• 

5 to 1 Between tasks and adjacent sunoundings. 

20 to 1 Between tasks and more remote surroundings. 

40 to 1 Between luminaries (or sky) and surfaces adjacent to them. 

80 to 1 Anywhere within the environment of the worker. 

• ' American Standard Practice for Industrial Lighting—1952," American 

National Standards Institute. Inc. 

i 

contrasting features can seldom be changed, brightness resulting from the 
amount of light on the product can be controlled. Because of this fea¬ 
ture, brightness is important because it is usually the one controllable 
factor. 

Seeing a detail often depends on the brightness difference between it 
and its background. This difference in brightness can be expressed as a 
brightness ratio. The greater this difference or ratio, the more rapidly 
the task can be performed. For eye comfort and efficiency, however, illumi¬ 
nation engineers have found that these brightnesses should be relatively 
uniform. In some manufacturing situations, of course, uniform brightness 
ratios are impossible to achieve. For normal viewing, however, bright- 
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ness 

10 . 2 . 


ratios for areas of large size should not exceed those given in Table 


Distribution, Shadows, and Diffusion. Evenly distributed illumina- 
on is generally desirable for the usual industrial interior because it per- 
U< ?ts flexibility in layout and helps assure more uniform brightness. Spotty 

•nomination wit j 1 alternate dark and light areas is undesirable because the 

* has difficulty adjusting each time it shifts from one brightness to 
another. Spotty illumination is caused by spacing the light units too far 
art thus resulting in contrasting brightness patterns. For uniform 
illumination the spacing between units should not exceed their mounting 
heieht above the level of the work area. Seeing under spotty illumination 
is fatiguing, and for this reason local lighting is unsatisfactory unless there 
is sufficient general illumination in the area. 

The amount of diffusion required varies with the work, and such jobs 
as bookkeeping and critical seeing tasks require highly diffused light. 
Other jobs, however, such as close inspection for flaws in steel shafts 
might require highly directional rather than diffused light. In this in¬ 
stance, highly directional light helps locate the flaws and defects. 


Sources of Light. Industrial lighting may be either artificial or nat¬ 
ural. Natural lighting, however, presents some difficulties in use. For 
example, employing northside windows as a source of light is unsatisfac¬ 
tory because of the rapid decrease in light intensity with an increase in 
distance from the windows. Even where saw-tooth sky windows can be 
used in a single-story plant, supplementary artificial light is necessary on 
cloudy days and for multishift operations. Because of these and similar 
difficulties in regulating the intensity of natural lighting, practically all 
industrial establishments rely entirely on artificial lighting as a source 
of illumination. 

Three types of artificial lights are widely used in industry: (1) filament 
lamps, (2) mercury vapor lamps, and (3) fluorescent lamps. 

Filament Lamps. The filament or incandescent lamp is the least ex¬ 
pensive of the three to install and necessitates the lowest investment. It 
produces a good color quality and starts instantly, but it has a low rate 
of efficiency. 

The efficiency rate for lamps is measured and expressed in lumens (the 
total light output) emitted per watt of power consumed. Of the three 
types of lamps used most frequently by industry, the filament lamp is the 
least efficient, with a 60-watt lamp delivering only 13.9 lumens per watt. 
In contrast, the mercury vapor lamp delivers from 40 to 55 lumens per 
watt, and the most efficient fluorescent lamps go as high as 74 lumens per 
watt. 

The life as well as the efficiency of the incandescent lamp is largely 
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’ncd by its filament temperature. The higher the filament temper- 
dctenn^e . eater is the lamp's efficiency, but the shorter its life. By vary- 
amre, therefore, we can regulate lamp output and efficiency for 

ir J8 111 t Qj-cumstances. For example, in areas of high power cost, it may 
taK eous to increase the efficiency while shortening the life of the 
*** Manufacturers recommend, however, that lamps be operated at 
lamprescrj^d vo j U g e f or maximum life and efficiency. 

^A^new type incandescent lamp with a built-in reflector can be used 
' Humiliation from high narrow areas. It is efficient, but lasts only 
9000 hours (approximately), compared with a normal life of about 7,500 
2 ’ for fluorescent lamps. The major drawback to such reflector lamps 
•^the high brightness area of the lamp and the difficulty experienced in 

controlling glare. 

Mercury Vapor. Mercury vapor lamps, in general, have a long operat- 
life and are easy to maintain. The greenish-blue and purple hue of 
the lamp is its major drawback, because it gives workers and some ma- 
erials an unlifelike and unnatural look. However, by using a combination 
o( about 80 percent mercury and 20 percent fluorescent lighting, this 
eenish-blue tone can be minimized. Mercury lamps are most frequently 
^ed in high bays for general industrial lighting. 


Fluorescent Lamps. Although the fluorescent lamp has the best effi¬ 
ciency rate of the three types of lamps, it also has the highest installation 
costs. However, if the lamps are used continuously, for example in mul¬ 
tiple-shift operations, their efficiency more than offsets the high installa¬ 
tion costs. The fluorescent lamp has a low brightness rating and good 
color tone in addition to its long life. Instant starting fluorescent lamps 
are available and need no separate starters. One disadvantage of the 
fluorescent lamp, however, is that a large number of lamps is needed for 
an average installation. This, of course, creates maintenance problems. 


Arrangements. All sorts of combinations and arrangements of lamps 
are found in general use today. However, the arrangement employing 
ceiling lights for general illumination and local lights to raise the level 
of illumination at a particular point is by far the most frequent. As a 
single source of light, general lighting using large ceiling units is the 
most common with footcandles ranging from 20 to 50. 


Maintenance of Lamps. A regularly scheduled system of maintenance 
must be established if good lighting is to be realized over a period of time. 
Lamps, reflectors, windows, and skylights obviously should be kept clean 
and free of dust. However, a drop of 25 to 35 percent from the initial 
level of illumination still can be expected under normal operating con¬ 
ditions. The exact amount of the drop depends on the dust conditions, 
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Figure 10.8. "Gentlemen, 
I understand that oneata- 
time lamp replacement U 
disrupting some of our 
departments.” (Courtesy 
General Flee,trie Co.) 


ages of lamps, types of lamps, humidity, and so on. Where maintaining a 
particular level of light intensity is important and where large numbers 
of lamps are used, a regular system of cleaning and replacement is the most 
economical. 

In scientifically conducted studies, engineers have found that under 
many conditions group replacement is superior to the individual replace¬ 
ment of lamps. In group replacement, lamps are systematically replaced 
by areas or groups whether they are burned out or not. For example, 
lamps with an average life of 7,500 hours are usually replaced on a group 
basis after burning only 5,000 to 6,000 hours. The saving under such a 
group replacement results from cutting labor costs to a minimum and 
improving overall lighting. In addition, smaller inventories of lamps 
are possible because needs can be calculated in advance, less storage space 
is required for lamps, fewer work interruptions occur while lamps are 
being replaced, and there is less strain on starters and ballasts resulting 
in longer fixture life. Until 1957 Ford Motor Company replaced all of 
their 112,500 lamps on an "as needed" basis. They found, however, that 
this frequently tied up a skilled electrician because not knowing whether 
the failure was in the fixture, the lamp, the ballast, or the starter meant 
that a skilled electrician went out on every call. Lamps at Ford Motor 
Company are now on a group replacement basis in which lamps are re- 
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aced by unskilled workers every eighteen months, with 
Sshed every thirty-six months.’ 


the fixtures 


COLOR 


Color is a psychological force which should be used wisely. In hospitals 
it may be employed to promote relaxation and rest, thereby aiding the 

operative process. In retail establishments it can be used to evoke an 
air of pleasantness leading to an examination of merchandise and possible 
urchase. And in manufacturing plants it can be used to encourage work¬ 
ers to maintain output rather than slow down. 

Color is important for good lighting and good visibility, and in addi¬ 
tion to improving appearance, it can add to the reflectivity of surfaces 
thus making for a better utilization of available light. Light shades used 
on ceilings and walls, for example, reflect more light than do dark ones. 
Many concerns, therefore, are painting their interiors with harmonizing 
colors that will fully utilize the light. Color coding of utility pipes and 
lines has long been practiced by industry. Today, however, many concerns 
are also color coding their machines. For example, moving parts may be 
painted in a bright color such as orange, whereas stationary parts are 
painted in a contrasting softer tone such as gTeen. The effects of this on 
safety and ease of vision are obvious. If they are properly coordinated 
with good lighting, well-chosen colors can do much to bring about good 
seeing conditions by reducing glare, controlling sharp contrasts, and 
minimizing eye fatigue. 

Color can also be used psychologically to change a room. For example, 
du Pont reports that red, yellow, and orange create a warm room and 
can mildly stimulate its occupants. Restful greens and blues, they state, 
are universally appealing and may be used in almost any area with bene¬ 
ficial results. But they warn that deep blue and violet are dark and somber 
shades which tend to suppress moods and should, therefore, be used with 
caution over large areas. 


Recognizing the impact of color, Pacelot Industries in Blacksburg, 
South Carolina, used color to help move employees from their cafeteria. 
Their problem was one of feeding several shifts at about forty-five minute 
intervals. Employees tended to loiter at the tables rather than in other 
areas, thus causing congestion. To help with the problem they painted the 
cafeteria ceiling a bright red with the walls in pleasant pastel shades. This 
provided a pleasant atmosphere while the employees were eating. Most 
people, however, lean back and look upward when they have finished 


7 "Is the Obvious Waste Inherent in Croup Relamping Justified?" Factory (Septcm 
ber 1966), pp. 80-81. 
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eating. Their employees were no exception, and upon looking up and 
seeing the harsh red ceiling they left the cafeteria promptly after finishing 
their meal. 8 


NOIS1 


The United States is the world’s noisiest country and every year the situ- 
ation gets worse. Most of the racket, of course, comes from the sharply 
increasing tempo of our machine age. This is particularly true in mecha¬ 
nized industrial plants where today noise is looked on with disfavor. I n 
contrast, industrial noises were once considered as evidences of progress 
and prosperity. Noises meant the operating of plants at full throttle, more 
jobs, fatter pay checks, and higher standards of living. Today, however 
noises from industry constitute a new industrial nuisance and hazard! 
Recognizing this, President Johnson in 1968 released a report on noise 
calling for federal agencies to either begin or expand noise abatement 
programs. In addition, his report recommended that (1) HEW undertake 
research to determine the effects of noise on physical and mental health 1 
(2) federal noise standards be established; and (3) responsibility for en¬ 
forcement of noise abatement laws rest with state governments. In view 
of these developments, industry is making concerted efforts to cope with 
noise problems. The new facet of the problem, however, is that an em¬ 
ployee's loss of hearing now can be attributed to certain industrial noises, 
and employees are consequently being awarded damages and judgments 
to compensate for this industrial disability. The first such case occurred 
in 1948, and since that date industry has increased its attempts to control 
noise to the point where it is currently spending over 60 million dollars 
annually. 


Noise Defined. (Noise is often defined as unwanted sound^Thus, if 
not wanted, the music of a symphony orchestra would be classified as 
noise! Perhaps a more fitting definition would be sound that does not have 
an agreeable quality. 

^5ound is the sensation of hearing resulting from the stimulation of 
tne auditory nerves and auditory centers of the brain. This sensation is 
usually transmitted in a material medium such as air or water and is 
actualjy an alternation in pressure, stress, particle displacement, and the 
lik^/This alternation is measured from a norm of atmospheric pressure 
which, under standard conditions, is 1.01325 X 10° dynes per square centi¬ 
meter. (A dyne is about 1 one-millionth of atmospheric pressure.) The 
industrial noises with which we are concerned have a range of 0.0002 to 


8 "Color Boost Output, Mr. Auer?" Factory (September 1966), pp. 90-91. 
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9 000 dynes per square centimeter and can be characterized as wave mo- 
'ons set up in the air by a vibrating body or part of a machine. These 
tl0 ve motions vary in both intensity or amplitude of the wave motion, and 
•^the frequency or the number of alternations per second. Thus, if a 
b^ll is struck lightly we hear a faint sound. If it is struck harder, the 
f equency of the sound wave is relatively the same, but the amplitude 
or intensity of the wave motions will be greater because of the greater 
vibration of the bell. The sound therefore will travel farther and sound 

louder. 

/ 

Measuring Noise. The human ear is capable of hearing, in the ex¬ 
treme, sound vibrations from about 7 to 20,000 cycles per second. Most 
people, however, perceive sounds from about 15 to 15,000 cycles or vibra¬ 
tions per second/ 

^Jhe unit of measurement used for sound is either the bel or the decibel. 
A decibel is one-tenth of a bel. Usually noise is measured in terms of 
decibels/Precisely defined, the decibel is a relative term used to express 
the logarithm of a ratio between two sound powers, intensities, or pres¬ 
sures./ We usually speak of the decibel in the sound pressure level (as 
measured by a sound level meter) and as such it is proportional to the 
logarithm of the ratio of some measured pressure to a reference point of 
pressure, usually 2,000 dynes per square centimeter. Decibels, therefore, 
do not progress arithmetically but logarithmically. Thus, a sound mea¬ 
sured at 95 decibels is millions of times louder than a sound of 90 decibels. 
/Generally speaking, a decibel is the smallest degree of difference of 
loudness that can be detected by a human ear./This range is about 130 
decibels. A whisper is rated at about 20 decibels; ordinary speech is about 
60 decibels; and a noisy factory room is about 85 or 90 decibels. 


Damage and Loss of Hearing, foamage or loss of hearing may result 
either from one incident, or from continued exposure to repeated or con¬ 
tinuous noise^/No definite level has been officially established above which 
hearing losses will positively result, except that at very high levels such 
as 130 decibels loss will result. One rule of thumb used to determine if a 
noise is dangerous or just annoying is for an employee to stand at arm’s 
length from a person and shout at top volume. If he can make himself 
understood, the noise level is said to be annoying but probably not danger¬ 
ous. This is not an absolute test, however, and people have been known 
to lose hearing in a plant area that "passed” this rule of thumb test. 

Around Pittsburgh and other steel centers, one often hears of old steel 
hands being hard of hearing. Some of this can be attributed to the din in 
which they work, whereas some of it is due to age and the normal hearing 
loss that usually accompanies age. People today are living and working 
longer in industry, and some of the hearing loss can certainly be attributed 
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Figure 10.9. Approximate decibel ratings of common machine tools. 


to this advancement in industrial ages. At the present time no test is 
known which can determine for certain that a partial or total loss of hear- 
ing is attributable to prolonged exposure to certain noises or noise levels. 
In fact, interestingly enough, hearing is often restored if a person is re¬ 
moved from the source of noise. 

Most engineers generally agree that at decibel levels of 85 and below 
no damage will likely occur; whereas at decibel levels of 90 and 95, some 
loss of hearing is not only possible but can be expected. At high levels 
such as 125 to 130 decibels, pain and hearing loss are almost certain even 
at a relatively early stage in the exposure. In view of this, exposure to 
levels of industrial noise as high as 150 or 160 decibels could have disas- 
trous effects. Figure 10.9 illustrates the noise levels of some typical factory 

machines. 


Objectives in Noise Abatement. With the possibility of court dam¬ 
age action looming large, management recognizes that one important 
objective in noise control is to save this money. This is not to infer that 
management is reticent in paying for hearing losses which actually result 
from an employee s occupation, but rather that because courts are usually 
inclined to favor the individual if there is any sort of justification, con¬ 
ceivably many miscarriages of justice could result from compensations for 
loss of hearing that in reality did not result from the industrial work situ¬ 
ation. This possibility of injustice looms large and is an important reason 
for determining and controlling sources of noise. 

(A second objective to noise abatement is the actual preservation of 
hearingyndustry’s objective here is both social and economic. 
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/ noise levels often result in retarded, poor, and ineffective com- 
^Higk speech interruptions and poor communications can result 
m unications.^ uct quality, retarded output, rejects, customer dissatisfac- 
a] s and other inefficiencies. In addition, most employees do not 
ti° n » C OI jj n g in excessively noisy circumstances. Noise abatement, there- 
enjoy WOI as anQther objective, improved employee relations and morale^/ 
fore, as ersons 5 e ii e ve that lower noise levels increase the productivi/y 
f ^°tker$* however, little or no scientific evidence exists on which to base 

fhis conclusion. . f 

IW h noise levels may also serve to drown out signals or warnings of 
H dous conditionsjThis could be true not only of such obvious signals 
hz2 f a , arms and truck horns, but in the case of operating equipment, a 
35 r d0 us condition could be indicated by a change in the operating 
^und of the machine(Controlling noise, therefore, is a positive step for 
fer working conditions. 

S n proved ccynmunity relations also result from controlling outside 
IY noises.'This is a problem for many industries and is particularly 
iimificant for aircraft engine plants testing jet engines. As a result of 

mpla* nts about such noises ’ many phnlS arC Uking SlCpS l ° contro1 lhis 

noise so as to make the community a better place in which to live and 

W °A final objective in noise abatement is, obviously, one of economics. 
The effects of noise control on the employee and his productivity, for 
xample, is indicated by a National Office Management Association survey 
of 1,974 companies. According to the survey, 43 percent of the companies 
experienced an improvement in morale as a result of noise reduction; 
29 percent reported an increase in accuracy; 16 percent, an increase in 
quality of work; 4 percent, a decrease in lost time; and 4 percent, a 
decrease in turnover.® 


Management’s Jot. Progress in the control of noise will be relatively 
slow because each plant constitutes a separate combination of factors re¬ 
quiring specific treatment. In a new plant, of course, noise control can be 
designed and built into the building. This was done, for example, in a 
plant on Highway 94, a mile north of Hanover, Pennsylvania, which was 
built to mine and process limestone for use by steel companies. However, 
even with typically noisy equipment such a feeders, crushers, and screens 
in operation, the people of the community have no complaint. This 
"noiseproof' plant, the only one of its kind, is serving as a model for 
future structures. Where a building is already in existence, however, noise 
control is neither as easy to achieve nor as absolute. Under these con¬ 
ditions, however, management can reduce the noise level in a plant by 
one or a combination of the following: 


8“Silence is Golden." Business Week (January 16. 1960). p. 67. 
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1. Reduce the intensity of the noise at its source by mechanical modifica¬ 
tion of the machinery. 

2. Keep the noise from spreading by isolating or enclosing it. 

3. Decimate the reflected sound waves by absorbing them in some type of 
acoustically absorbent material such as rock wool or Fiberglas. 

If control of noise by one of these three is impossible or impractical, a 
last resort is to control it by personal protection such as ear plugs, ea r 
muffs, or helmets. 

Management’s awareness of noise and its effects on employees has 
developed within the last decade, and although industry has taken some 
initial steps in noise control, it still has far to go in the total field of noise 
abatement. Many enlightened managers, aware of their obligation to 
control noise, are annually diverting large sums of money for research in 
the area. With this recognition and healthy approach to the problem 
most industrial leaders feel that hazardous noises and their ill effects 
will be under control within another decade. 


PLANT CLIMATE 
SPACE CONDITIONING 


Controlling the climate inside a building, often referred to as space con¬ 
ditioning, embraces any system used to control temperature, humidity, 
cleanliness, and distribution of air. To the typical manager, space con¬ 
ditioning means more efficient, less fatigued, and happier employees, 
working in a cleaner, quieter, more trouble-free plant. It is for these rea¬ 
sons as well as the following that most companies today include space 
conditioning in their building requirements: 

1. Greater output. 

2. Better quality of workmanship. 

3. Elimination of drop in efficiency during hot summer months. 

4. Attracts a higher grade worker. 

5. Expansion and contraction of equipment is minimized, resulting in 
higher product quality. 

6. Controlled humidity reduces or prevents corrosion of precision equip- 
ment. 

7. Closer tolerances can be held resulting in fewer rejects and waste. 

8. Decrease in absenteeism. 

9. Less corrosion and deterioration of materials in process. 

10. Greater plant cleanliness. 

11. Building maintenance reduced. 

12. Lower labor turnover. 

13. Reduction of usual afternoon fatigue. 
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,4 Bet«r psychological atmosphere. 

,5 Good worker morale. 

, 6 . Low lost time accident rate. 


SUMMARY 


reasons for good layout and good work environment are obvious to 
16 ment. Not only is their impact on an employee s productivity, 
m * n3g morale, health, and comfort significant, but their effect on con- 
• ncy of product quality, dependability of workmanship, quality of 
s,Ste ” equipment utilization is well recognized. These are environ- 
W ° r 1 factors that are within management's control and are important 
"^the efficiency, economy, and harmonious operation of his business. A 
l Vj ma nager, therefore, should keep a constant check on these factors 
g °° to provide a physical environment and atmosphere for his employees 
that $ will be conducive to maximum efficiency and safety. 


STUDY QUESTIONS 

•^distinguish between process and product layout. Where would you expect 
to find each? 

2. What are the signals of poor layout? Explain why they are signals, 
j Explain how relayout cannot increase capacity. 

4. How should you go about developing a new layout for a plant? 

5 What arc the major factors you should consider in developing a new layout? 
Why are they important? 

List the benefits that may accrue from good lighting. Explain the part light 
ing play* >n each. 

7. Define sound. Noise. Why is controlling noise important to management? 

8. What control techniques are available to control noise? Which would be most 
' desirable to use? 

9. What are the characteristics most desirable in good lighting? Explain. 

10. How do we measure noise? What are the critical and damaging levels of noise? 
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The history of the economic development of the United 
States is, in fact, a history of technological innovations—new 
tools and new processes—along with the application of 
mechanization, automation, and computerization to these 
tools and processes. 

From the beginning of the industrial revolution, this 
technological progress has always meant a greater variety of 
products, more jobs, and an increase in labor’s productivity, 
giving us time for thought and play. It has almost freed us 
from the age-old economic equation of existence by labor 
alone and has surely given us a larger quantity and variety 
of material goods to make our life easier and more pleasant. 
We call it a higher standard of living. 
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Behind the almost endless variety of goods and services available to the 
" r qland . a far-reaching mass production empire which provides 

rsrrSi* w A--* ot b -- ™- ^ 

.moire however is different from the empire of twenty years ago. 
At'that time our researchers were developing products .ha, could be built 
on the equipment then existing. Today our designers are saying, Here 
Product Make it." To achieve this objective, management employs 
" £, P „7tSd icLid... »d an almost and*, vad.t, ot a„,„m,«d 

and computerized machinery. 

AUTOMATION VERSUS 
MECHANIZATION 

A,,h r h =•» 

Evans*built his famous automation flour mill on Red Clay Creek near 
Philadelphia in 1784. Powered by water. Evans mill was a continuous 



Figure 11.1. A jacquard .com. No,, *. punched card, in die upper left that control 
ihe fabric dakfa. (Courtesy Burlington Industries.) 
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operation with grain flowing through the mill on a series of belts and 
conveyors, finally emerging as finished flour. In Paris in 1801, Joseph 
jacquard, a French weaver, set up his Jacquard loom, copies of which 
are used today to weave designs from a programmed punched-card system 
of controls. 

When speaking of automation, many people have in mind the mechani¬ 
cal transfer of parts from one machine to another. Although this is one 
part of automation, it is not comprehensive. This transfer, instead, is 
machine mechanization: the automatic mechanical transfer of parts from 
one operation to another and from one machine to another. Practically 
any machine can be adapted for automatic operation with the addition 
of an automatic materials handling device. 1 he most common examples 
of mechanization, however, are found on special purpose machines. 

Special purpose machines are those designed and built to perform 
either one or a very few highly similar operations. An ice crusher is a 
special purpose machine. It will perform only one job. Cigarette making 
machines are special purpose machines in that they will only make ciga- 
rettes. With adjustments, of course, they can be used to make king size 
or regular cigarettes. The pop-up toaster is a special purpose machine 
because it will only make toast. The oven, on the other hand, is a gen¬ 
eral purpose machine inasmuch as it can be used to make toast or cook 
a variety of products. 

Special purpose machines are most commonly found in volume or mass 
production operations. Our giant electronic and automotive industries 
afford us many examples. Despite the fact that their initial costs far 
exceed those of general purpose machines, special purpose machines usu¬ 
ally result in lower per-unit costs because of the volume produced. Special 
purpose machines are partially or fully automatic, require less labor, 
and operate much more rapidly than general purpose machines. Because 
they are built to perform a certain job, special tools and holding devices 
are usually built into special purpose machines, thus eliminating the neces¬ 
sity for special setups. Work is usually more uniform because of their 
automatic features and, therefore, requires far less inspection than work 
turned out on general purpose machines. In fact, on highly automatic 
machines incorporating a servomechanism (a device within the machine 
which automatically makes machine adjustments for variations in raw 
material or tool wear) output is almost virtually uniform within normal 
manufacturing standards. These attributes usually make for lower unit 
cost where sufficient volume is present. 

Maintenance costs on special purpose machines are higher than general 
purpose machines because of the highly skilled labor, such as electrical, 
mechanical, and hydraulic specialists, needed to keep these often com¬ 
plicated mechanisms in operating condition. 

Many special purpose machines are actually several machines in one, 
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• „ nf tasks and "inspecting" the work after each step, 
performing a sen vjrtually to dispel any degree of flexibility that 

This combination companies engage in the manufacture of 

might have been preswi • J develop, and manufacture such 

special purpose machines.They £ q( lhe high cos(s 

maC rr f° r the™evelopme S nt and manufacture of special purpose tna- 

chines^they can be used' economically only where the volume of produo 

lion is large eno "* h , ° a ^ purpolTmaclbnes are linked together by a 
When several suchspecial puj*^ ^ a mgchanized opeTatwn 

mechanized P roce a enters a machine from a gravity con- 

For example, ass actuates some type of holding device, say 

TldinecUmV The tart is then automatically locked into position and 
a holding da P- P holding clamp moves into place, 

held by ,he i h0ld,n f, d X P c h ^am the machine. The machine might, for 
it trips another switch which starts tn*: m ^ ^ but whalever the 

example, drill a hole in P :, P autom atically. When the machine 
operation, the mac ine■ per hold ing clamp automatically releases 

fC.' ” hi[h “ d ”°” 

; h h : p P „,. ,o r 

0 „,unit.“™5“*”^Lll, f.om one operation the 
and the parts mo q . mighl include stations to drill, 

neX ‘f ^TnS pa^tjan All Sns'. however, are interlocked to pre- 

l a e P nt Pts from piling^ at any one point. Thus, a part will not move 

^ r °iri C a^lit^on >I to 0 automaitic U machinin^ope r a t to ns t an automatic inspec 
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Figure 11.2. The principle of feedback. 
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can also be included in a machine setup so that the imperfect 
tion sta “°£ e thrown out instead of being further machined. 

P arts Tmation, on the other hand, is the word coined by Delmar S. 

° ol the Ford Motor Company to describe the automatic and selec- 
^ansfer of parts from one operation to another. 

** ve a he heart of the automation concept is the principle of feedback — 
b lity of a machine to sense, detect, and correct errors and mistakes 
the .. a ‘ he y are occurring. This principle is the distinguishing feature be- 
Wt " mechanization and automation. Perhaps one of the most common 
tWCen les of this principle is the thermostat found in most homes. It has 
« an *i,y l0 detect an error (too cold) and sends a message to the furnace 
tart operating. Likewise, it can detect when the room is warm enough 
'°d tells the furnace to slow down or stop. If a furnace were simply 
an e chanized, it would be set to run, say. twenty minutes out of each hour, 
r'd would do this irrespective of room temperature. 

Figure 11.2 illustrates the principle of feedback diagrammatically. As- 
, f„r example, that the process in this figure consists of drilling a 
! inch-deep hole in a part. After it is automatically drilled, the true 
deoth of the drilled hole is checked by the sensory device. This informa¬ 
tion on the depth of the hole is transmitted to the collating unit and 
thence to a memory device. The memory device checks the information 
received, in this case the depth of the hole, against what it should be. It 
then tells the collating unit that the drilled hole is too shallow, for ex¬ 
ample, and what should be done to correct the situation. This information 
is relayed by the collating unit to the effector or servomechanism which 
makes adjustments in the drill to counteract the too-shallow hole. 

Examples of automation in American industry are numerous. An oil 
refinery is a common example, as are the new electronic computers. How¬ 
ever, the best known example is probably Ford Motor Company's Cleve¬ 
land Engine Plant. Here automobile engines are machined, turned over, 
drilled, moved, inspected, and so on—all automatically. Automating this 
plant cost Ford over $30,000,000 but more than paid for itself in two 
years. These and similar departments are run by a few employees who 
monitor control panels. One man, for example, operates one of these 
large automatic machines by standing at a control panel equipped with 
lights and gauges to keep him informed of operating conditions at various 
stations in the machine. Thus, when a cutting tool wears to the point 
where it should be changed, a flashing light may indicate this condition. 
Or a preset counter may indicate that a certain tool should be inspected 
for wear. In either event, the machine operator or an appropriate main¬ 
tenance man makes the necessary inspection and needed replacement or 
adjustment. 
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IMPACT 
OF AUTOMATION 

Labor. From virtually any angle, automation to labor is typically a 
red flag word. Workers see their security jeopardized, their jobs elimi¬ 
nated, and their future employment tenuous at least. This is unfortunate 
because our experience so far has not given support to this view. 

Both automation and mechanization have historically created job op¬ 
portunities in the United States which exceed our comprehension. Nation¬ 
ally, unemployment is at an all-time low—in fact, many leaders say that 
we in effect have no unemployment. Of course, no one can judge with 
any degree of certainty the true effect of automation on a particular indus¬ 
try. Obviously any significant technological improvement in a given indus¬ 
try may well reduce the work force in that industry. This is borne out by 
the fact that the coal industry, for example, is producing 45 million more 
tons of coal per year with 200,000 fewer miners. Likewise steel output is 
20 percent greater with 80,000 fewer workers. And 40,000 elevator oper¬ 
ators were displaced in New York City alone because of automatic ele- 
vators. On the other hand, additional thousands of individuals are 
employed in jobs resulting from automation in new industries which did 
not exist ten years ago. In addition, automation has so improved product 
quality and reduced cost in many industries that additional labor has 
been required. The net effect of automation, therefore, is not truly dis¬ 
cernible at this time. 

Vast technological unemployment could result, of course, if the transi¬ 
tion to automation were made overnight. Although we all recognize that 
automation will have some effect on labor, many people do not believe 
that its major effect will be technological unemployment. Instead, they 
believe that more and more employees will be employed outside of the 
productive process as maintenance men, distribution specialists, electronic 
experts, hydraulic engineers, and any one of a host of men required to 
keep the machines in operating condition. Although automation will thus 
serve to upgrade labor, it will also bring about some difficulties in the 
period of transition. However, if the transition is gradual, problems 
of this nature will be less severe. With a gradual introduction, for ex¬ 
ample. training programs can be instigated to train employees in new 
skills as the shift comes from hand labor to mechanization to automation. 

Regardless of our opinions about them, however, mechanization and 
automation will continue to be used by industry because through them 
industry remains competitive and efficient. It will be comforting to the 
pessimist, however, to realize that history clearly shows that over the 
years technological progress has been responsible for a decided increase 
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in employ™ 6111 opportunities, and there is no reason to believe that the 
same will not hold true in the future. 


Management. Automation, however, presents some managerial prob¬ 
lems and limitations. It means that management must be sure that a large 
enough market for one type of product exists to justify the expense of 
designing, building, and installing a complex machine. This costs dollars 
and once management has committed itself, the course cannot be changed 
without a loss. 

Xo a large degree, automation is also inflexible. Mistakes, therefore, 
are costly and a great deal of planning must go into any installation. A 
constant flow of a fixed quality raw material must be assured. Men trained 
in the skills of operation must be provided, and, most important, a sure 
market for the product must exist. Forecasting, therefore, must be ac¬ 
curate and sales must materialize. 

Because of these factors, any attempt that management makes to auto¬ 
mate a plant should be preceded by careful study, planning, and analysis. 
Indeed, a greater degree of systems and methods planning is required for 
automation than for any other type of manufacturing setup. Because of 
the great expense involved in product design changes, management must 
also be sure /hat the product meets the consumer s needs and that it will 
stand up well against innovations and competitors' improvements. 

In light of these demands on management, it follows naturally that 
managerial competence in automated firms must be at a high level. Man¬ 
agement outside of automated plants, however, will not continue as usual. 
Instead, it will be affected by the stronger competition of automation, 
causing it to re-examine more critically its own organization, productive 
process, and methods. Thus, though automation may not in itself come 
to a firm, its effect will probably be felt through improved efficiency and 
keener competition. These are not threats to the nonautomated, but 
they do present those managements with a broader challenge for pro¬ 
ductive efficiency and operating economy. 

In addition to these types of managerial problems, automation may also 
reduce the number of supervisors and supervisory levels. In many plants 
this reduction in numbers has been true, especially on the lower levels 
where the remaining supervisory functions and the number of employees 
were of such sizes that combinations could be effected, thus eliminating 
some managers. 


Of the supervisors remaining, however, their supervisory problems tend 
to increase because of the interaction and interdependence required among 
the several departments. Automation tends to force the eclectic or systems 
approach. No longer can supervisors make decisions with their vision 
extending only to the four walls of their area. Instead, because of its over¬ 
all impact, automation has brought on new supervisory responsibilities 
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dealing with an integrative approach to company problems. As would be 
expected, this systems approach with its increasing complexities has tended 
to increase the ratio of supervisors to workers in many operations. In 
many companies, this ratio has increased as a result of the increased com¬ 
plexities of the jobs supervised, as well as the increased communications 
required between supervisors and workers due to this complexity and its 
far-reaching effect. In other words, the size of the supervised group—the 
ratio of employees to supervisors—has tended to decrease with a corre¬ 
sponding increase in the complexities of supervision. 

A final impact of automation on management has to do with central¬ 
ization. It appears almost inevitable that a trend towards the centraliza¬ 
tion of control and operations will be noticed as companies automate. 
This is particularly true in large companies with many divisions or plants. 

Other Effects. Improved product quality is often found in auto¬ 
mated plants because human limitations and errors in both production 
and inspection have been taken out of the manufacturing process. Along 
with this improved product quality come its concomitants of less waste, 
lower rework cost, and more nearly uniform product. Employee job satis¬ 
faction is often higher and morale better in automated plants where rou¬ 
tine work is performed by machines. Automation also makes for lower 
unit costs and, therefore, places a firm in a much better competitive posi¬ 
tion. 

For society at large, automation is good because it increases our pro¬ 
ductive efficiency and enlarges our productive capacity. Only through 
these two can our standard of living materially increase. At the same 
time, automation allows employees greater leisure time to enjoy the prod¬ 
ucts of their labor. 

With all estimates pointing to long-run increases in demand for goods 
and services, and at the same time relative decreases in the labor force, 
many individuals view automation as our only answer. With faith in its 
long-run benefits, they claim, we will be able to enjoy the abundance of 
goods that an automated society can produce. 


COMPUTERIZATION 

Computers and Management. The computer revolution in manage¬ 
ment is upon us whether we recognize it or not. In 1955, for example, 
there were only about a dozen installed computers, whereas today this 
number far exceeds 60,000, valued in excess of $20 billion. Virtually every 
firm today has access to the services of a computer through outright owner¬ 
ship or the purchase of the service from a computer service center. 

As you may well imagine, the utilization of these computers has had a 
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• oact on managerial operations. In the area of organization, for 
fCa * le the computer has tended to force centralization. And areas hav- 
6X3 do with routine or repetitive work, such as accounting, inventory 
,n ^troi and finance .offer numerous examples of managerial changes in 
C °"anL' ation ' control procedures, and the like. 

° During recent years computers have also moved into the production or 
manufacturing area through the application of a technique called numeri¬ 
cal control. 


Numerical Control. Used mainly in the operation of machine tools, 
merical control is the automatic operation of a machine by an elec- 
uonic controlling device which is programmed to guide the machine 
through all of the operations needed to produce a part. The dimensions 
and specifications of the part to be made are programmed into machine 
language as a series of commands on tape, with the tape later fed into the 
electronic control of the machine. 

Point-to-point and contouring are the two types of numerical control 
machines most frequently found. Point-to-point, or as they are sometimes 
called, positioning systerrts, automatically move and position a part being 
worked on, as well as control the cutting tool or tools so that the piece is, 



Figure 113. Punchcards are inserted into the reader of numerically controlled shear, 
after which the machine takes over and automatically shears the pieces required. 
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Figure 11.3 (conl'd.) Operators feed the sheet into the machine as directed by the 
display panel (inset). (Courtesy Cincinnati /nr., a diversified manufacturer of metal 
forming equipment, systems, controls, and teaching computers for industry.) 


say, drilled, bored, or reamed ai the proper location and angle. Point-to- 
point machines account for about 85 or 90 percent of the units in use and 
range in price from about SI0.000 to over $100,000. 

In contrast, contouring machines are those which hold a tool in con¬ 
stant contact with the material being worked on and by cutting or scrap¬ 
ing away the material they fashion complex, three-dimensional shapes 
such as dies and molds. To accomplish this, the machine must have a 
complete three-dimensional description of the part to be produced, and 
this description must be recorded on the input tape so as to guide the tool 
as it moves continuously along the material. Programming a part to be 
made on such a machine starts with the engineer who must place the 
coordinate dimensions on the drawing of the part. This information is 
then fed into a computer which produces the control tape. These ma¬ 
chines, selling for between $125,000 and $1,000,000, comprise approxi¬ 
mately 10 or 15 percent of the numerically controlled machines in use. 
but account for over half of the dollar investment in numerical control. 

As you may quickly realize, numerical control offers the greater benefits 
to a company with widely varying production requirements and short-run 
jobs. Under these conditions it is not unusual for numerical control to 
keep machines running 80 or 90 percent of the time on short-run work, 
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the typical 15 to 20 percent using manual operations and control. 
a C General Motors and Ford plants, for example, numerically controlled 
milling machines are shaping dies for body stamping without an opera- 
- s control and at twice the previous speed. Other examples of numeri- 
'al control are found in most of our large industries. International 
Harvester, by spending $12 million to manufacture their diesel engine 
blocks by numerical control, is now producing the blocks on forty ma¬ 
chines instead of the seventy-five formerly required—and is doing it with 
a 75 percent reduction in set-up time. 


GENERAL PURPOSE 
MACHINES 

In contrast to the automated, special purpose, numerically controlled 
machines discussed above, there are a few basic general purpose machines 
found in almost every firm. General purpose machines, as opposed to 
special purpose machines, are those that are built to perform similar 
work on a variety of products and parts. The familiar band saw in a 
woodworking shop is a general purpose machine in that it can be used 
to saw a variety of different wood products. In a metal working shop, a 
drill press would be a general purpose machine. It can be used to drill 
a variety of holes in many different products. Most companies engaged 
in the manufacture of a small volume of items employ general purpose 
machines and all general repair and maintenance shops use general pur¬ 
pose machines. 

Various companies manufacture general purpose machines as standard 
stock items. Thus, either a lathe or a drill press costing several thousands 
of dollars can be ordered and received within a few weeks. Because general 
purpose machines are standard stock items and are produced in volume, 
these machines cost less initially than special purpose machines. They 
are highly flexible inasmuch as a number of similar operations can be 
performed on a variety of products. This is often accomplished by making 
a few adjustments and adding certain cutting tools and fixtures. Making 
these modifications and setting up a general purpose machine call for 
experienced and highly skilled workers. Because large numbers of such 
machines are not automatic, a skilled worker is also often needed to run 
the machine and check its efficiency and exactness. These aspects, obvi¬ 
ously, make the operation of general purpose machines relatively expen¬ 
sive. In addition, much more inspection is required on general purpose 
machines because of the possibilities for variation. In fact, it is not un¬ 
common to inspect each part after every operation to make sure that 
tolerances are being met. 

Because of their wide use and applicability, general purpose machines, 
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sometimes called standard machines, are not as subject to obsolescence 
as specialized machinery. This feature plus their almost universal applica¬ 
tion makes for fair resale prices and demand. Because of their general 
design, maintenance is usually low and easily performed, and replacement 
parts, like those for automotive engines, are usually readily available. 

General purpose machines used in maintenance, repair, and production 
work are so universal that every potential manager should have a general 
knowledge of their operating characteristics and applications. In this 
section, therefore, we will discuss these few basic machines and their uses. 

„ Lathe. A lathe is a machine in which the work is rotated while being 
shaped or cut with a tool (see Figure 11.4). The piece being "turned" 



Figure 11.4. A hand screw machine (lathe) producing a special shaft. (Courtesy Rock¬ 
well .Manufacturing Co.) 


on a lathe may be held in jaws, bolted to a plate, or mounted between two 
center points. While the piece of material turns or rotates, a sharp tool 
(Figure 11.5) is moved along the rotating material cutting away material. 
If the tool is moved parallel with the turning part, the diameter of the 
part will be reduced; if moved into the turning part, the part will even¬ 
tually be cut in two or faced. If the material being turned is bolted to 
an end plate, then drills, reamers, and so on can be moved against the 
end of the rotating material, drilling and reaming it. 

Milling Machine. A milling machine is one that performs a cutting 
action by passing a piece of material slowly under a revolving cutting 
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fi 



Figure 113. Cutting tools used on a lathe. (Courtesy South Bend Lathe Works.) 


wheel that has sharp saw-like teeth on the perimeter of the wheel. The 
slot in a screw head, for example, could have been cut by a milling ma¬ 
chine. Because of the almost endless variety of shapes and sizes of cutters 
(cutting wheels) that can be used on it, the milling machine is one of the 
most universal and versatile machine tools in use today. Material to be 
milled is clamped to the bed or table of the milling machine and moved 
under the rotating tool so that it touches the material and cuts away the 
desired amount. Figure 11.6 illustrates the horizontal milling machine in 
which the axis of the cutting tool is parallel to the surface of the bed or 


Figure 11.6. A horizontal 
milling machine making a 
cut on a part. (Courtesy the 
Cincinnati Milling Machine 
Co.) 
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table of the milling machine. Many attachments and cutting heads are 
available for use on milling machines. 

Drill Press. The drill press (or drilling machine) illustrated in Fig. 
ure 11.7 is one of the simplest machine tools. Using this machine consjsts 



Figure 11.7. Floor model drill press with hand feed (foreground). In the background 
is a multiple spindle model. (Courtesy Rockwell Manufacturing Co.) 

of feeding or moving a rotating tool (a drill) into a stationary piece of 
material. This material may be held or clamped in a fixture on the table 
of the press, and the rotating tool is lowered by means of the hand feed. 
Variations in depth and diameter of holes obviously can be attained. 
In addition to drilling holes, drill presses can be used for other operations 
such as reaming, counterboring, and tapping holes. Reaming consists of 
removing small amounts of metal from the interior of a drilled hole to 
give a better finish or closer tolerance. Counterboring increases the diame¬ 
ter of a previously drilled hole for a given distance from the top of the 
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Figure 11 S. Sketch of a broach with major features labeled. (Courtesy Mill fc Factory.) 

hole. This, for instance, allows bolts to be inserted so that their heads 
will be flush with a piece of material and not protrude. Tapping refers to 
putting screw threads inside of a previously drilled hole by means of a 
tool called a tap. Tapping a hole enables a machine screw of the appro¬ 
priate size to be inserted and screwed into position. 

Broaching Machine. A broach (Figure 11.8) is a machine in which 
the material is held stationary and the surface is machined by means of 
a file-like cutting tool called a broach. The broach is moved over the 
material in simple push or pull strokes. It does not cut in both directions 
but clears the material on the return stroke. 

Grinding Machine. There are several types of grinders. Probably the 
simplest is the old-fashioned grindstone or bench grinder used to sharpen 
axes and other cutting tools. Grinding consists essentially of a metal cut¬ 
ting operation performed by the abrasive or cutting action of the small 
particles from a grinding wheel. Grinding wheels have various shapes 
and may be made of sandstone, emery, diamonds, or Carborundum (silicon 
carbide). Other than the bench grinder, probably the most commonly 
found grinder in machine shops is the surface grinder illustrated in Figure 
11.10. As its name implies it is used to grind flat surfaces. It usually con- 
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Figure 11.9. Bench grinder. (Courtesy Rockwell Manufacturing Co.) 
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Figure 11.10. Surface grinder. (Courtetx Mill & Factory.) 


sists of a rotating grinding wheel mounted with its axis of rotation parallel 
to a reciprocating bed or table such as that found on a milling machine. 
Many surface grinders have an clcrtric magnet as part of the bed so that 
work can be held in position for grinding without the use of special clamps 
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fixtures. Some surface grinders have a rotating bed instead of one which 

reciprocates. 

Plane* and Shaper. Planers and shapers (see Figures 11.11-11.12) 
used mainly to machine flat surfaces, but they can be used to cut 
^ooves and bevel edges. In general, their action can be compared with 
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Figure 11.11. Planer. (Courtesy Mill & Factory.) 
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that of the common wood plane used by all carpenters. On each machine, 
a single cutting tool plows or shaves off metal in a straight line with a 
back and forth movement. The tool is raised on the back stroke and is 
lowered into the metal on the forward stroke. Shapers and planers though 
similar can be distinguished by size and cutting action. 

Shapers are usually relatively small and consequently are used for the 
machining of relatively small work. The cutting action of shapers con¬ 
sists of the movement of the tool over stationary work. Thus, the work 
is clamped or fixed to a stationary surface and the cutting tool moves in 
push-pull straight strokes shaving or plowing the metal off. 

The planer on the other hand is much larger, more massive, and can be 
used to machine large pieces of material. In addition, the tool on the 
planer is stationary and the material being machined is clamped to a bed 
which moves back and forth under the cutting tool. Thus, although the 
results of the two pieces are almost identical, the major difference is that 
on a shaper the cutting tool moves back and forth whereas on a planer 
the tool is stationary and the work moves back and forth. The cutting 


Figure 11.13. A modem 65-ton mechanical punch press. (Courtesy Mill & Factory.) 
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tool on a shaper may 

on the pull *"> ke < a 


cut on the push stroke (a plain horizontal shaper) or 
draw cut shaper). 


Press. A punch press is used to form or punch sheet metal, 
ists of a stationary bed or table above which is suspended a ram or 
^vTfsee Figure 11.13). Upon actuation, the ram moves down to the table 
5 Vback up again in a plane vertical to the table. Tools called punches 
3 " d d ies are attached to the ram and bed. 

3 if we desire to punch a hole in a piece of material, for example, a 
unch of the desired diameter and shape is affixed to the ram, and a die 
P PJ 3 UJX is attached to the bed. The metal to be punched is placed on 
. an( j the punch press is actuated. The ram then moves down forc- 
. the punch through the metal which is held up by the die. A very 
' mple punch press action is that achieved by punching holes in a sheet of 
S 'aper with a paper punch. Note the plunger (the punch) and the hole 
! . which it feeds (the die or matrix). In a similar fashion punch presses 


into 

can 


be used to form and bend metal with properly designed forming dies. 


STUDY QUESTIONS 


1. Distinguish between automation and mechanization. 

2. Comment on the statement, "Automation is a new process that will displace 
labor and cause a major depression." 

3. Describe and discuss the impact of automation on management. 

4. What is a special purpose machine and where would you be apt to find it 
used? 

5. What is the feedback principle? 

6. Explain numerical control and how it can be of value to a manager. 

7. What is a general purpose machine and where would you be apt to find it in 
use? 

8. Why should a manager have a basic knowledge of the commonly used ma¬ 
chine tools? 

9. Distinguish between a lathe and a milling machine; a planer and a shaper. 

10. What is a broach? A drill press? 


ADDITIONAL READING 


Lipstreu, Otis, and Kenneth A. Reed. "A New Look at the Organizational Im¬ 
plications of Automation,” Journal of the Academy of Management (March 
1965), pp. 24 ff. 

Miller, J. James. "Automation, Job Creation and Unemployment,” Journal of 
the Academy of Management (December 1964), pp. 300 ff. 



2S8 


THE PRODUCTION SYSTEM 


Myers, Charles A. (ed.). The Impact of Computers on Management. Cambridge* 
The M. I. T. Press, 1967. ^ * 

"Putting Machine Shops on Tape," Business Week (March 7, 1964), p. loo. 
Sanders, Donald H. Computers in Business. New York: McGraw-Hill Book Com¬ 
pany, 1968. 

Silberman, Charles E. "The Real News About Automation,” Fortune (January 
1965). pp. 124 ff. y 

"Status Report on ’Tapeless’ Numerical Control." Modem Manufacturing (Tune 
1968). p. 98. U 

Terborgh, George. The Automation Hysteria. New York: W. W. Norton & Co 
Inc., 1965. * 

Williams, Lawrence K.. and C. Brian Williams. "The Impact of Numerically 
Controlled Equipment on Factory Organization." California Management 
Review (Winter 1964), pp. 25 ff. 



MATERIALS 

LOGISTICS 


12 


As you will recall, we have viewed the overall firm in its 
environment as a total system. Further, we identified vari¬ 
ous subsystems within the firm, such as the marketing 
subsystem, the finance subsystem, and the production sub¬ 
system. The production subsystem, we said, could be divided 
into various other sub-subsystems such as: 

Inspection —which includes all the inspection operations: 
Operations or manufacturing —which incorporates the actual 
work performed on the product (or service generated); and 
Materials logistics —which incorporates and regulates the 
movement of material from one plant to another and from 
one work point to another work point within a plant. 

In many contemporary firms today the movement and 
flow of materials from one point of operation to another is 
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extremely well organized and integrated into a smoothly operating sub¬ 
system, incorporating movement both within and outside the plant. 
Movements within the plant are frequently referred to as materials 
handling or materials movement problems , while movements outside the 
plant (for example, from a plant to a warehouse) are frequently known as 
physical diitriJiJJlion problems. The term materials logistics can be used 
felaver both types of movement. As you can easily visualize, this move¬ 
ment of materials can be both expensive and cumbersome. Despite its 
economic implications, however, some firms still appear to give little or 
no thought to this all-important and expensive aspect of fabrication. 

Materia ls ha ndling has been given all sorts of high sounding defini- 
tions. Basically, however, it consists simply of picking up and moving 
things. Every operation in a plant that involves picking up, moving, or 
lowering any material or product is a source for possible materials han¬ 
dling improvement. 

The story of production is essentially the story of materials in motion. 
Material is received by rail or truck and is moved into the plant; after 
inspection it is moved to the storeroom; when material is needed it is 
moved to the assembly area; to facilitate manufacture it is moved along 
the path of assembly; then the finished product is moved to the test 
department for final okay, moved to shipping, and finally moved to the 
customer. Although many people think of materials handling as an in¬ 
significant part of manufacture, the handling of material accounts for 
over 50 percent of the costs of manufacture in many plants. 

Most industrial work consists of (1) Make Ready, (2) Do, and (3) Put 
Away. The Make-Ready aspect is concerned with moving the material 
and equipment necessary to perform the job to the work place; the Do 
part is the actual work; and Put Away, as its name implies, is concerned 
with moving the part and material from the work place. The greatest 
part of all manual work consists of the Make-Ready and Put Away 
aspects. In fact, it has been estimated that from 60 to 80 percent of the 
average employee’s time is spent in handling materials, with only 20 to 40 
percent spent in actual work. A study made of the operations in a large 
manufacturing plant showed that over 8 million man-hours were con¬ 
sumed per year in moving things around. Converting this to labor-cloll^rs 
made an annual moving bill of over $12 million for this company, not 
including either the initial equipment costs or the upkeep costs of the 
equipment. 

Moving and storing materials, one of the costliest of operations, is now 
ranked as the third most expensive cost of doing business, with only labor 
and materials cost exceeding it. In fact, the total cost of handling ma¬ 
terials in the United States exceeds $100 billion annually. 

Picking up and moving things is obviously extensive and expensive. In 
a large percentage of industries, moving and handling material is the 
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heart of their manufacturing processes. Materials handling, however, is 
ore costly than simply labor and equipment costs would reflect. Hidden 
osts such as ineffective plant Utilization, wasted employee time, extended 
inventory of both goods in process and raw materials, excess demurrage 
diarees, and product quality must be recognized. 

Despite these impressive figures and facts, most managements before 
1940 were almost indifferent to the problem of materials handling. An 
occasional truck, cart, or mobile table constituted the materials handling 
equipment in many plants. World War II, however, served to empha- 
jfce the .need for moving materials with minimum human aid. Interest, 
recognition, and study in the field have now developed to the point where 
many engineering curricula are including courses in materials handling. 
Great strides have also been made industrially through employee train¬ 
ing, but there is still tremendous room for improvement. 

In this chapter we want to familiarize ourselves with the role that this 
subsystem plays in the operating success of any firm from a small two-man 
service station to a complex fabricating plant, as well as examine the 
techniques and aids which are frequently a part of a plant’s integrated 
system of materials handling. Let us first examine the in-plant aspects of 
the problem. 


MATERIA LS HANDLING 
DEPARTMENT 


Materials handling is an overall job that directly affects each area in 
a plant, and as such requires careful planning. 

The organization structure of a materials handling department varies 
with the industry, the type of manufacturing process, the product being 
manufactured, its bulk, and its value. Emphasis in different firms depends 
on the amount of handling required in the plant manufacturing process. 
In small companies, for example, the materials handling function may 
be one of several duties assigned to the plant engineer, the purchasing 
agent, or the production superintendent. As firms increase in size, how¬ 
ever, an increase in specialization is usually manifest in this area until a 
point is reached where a separate department is developed to study pro¬ 
cedures and devise more efficient materials handling techniques. When 
thus organized, materials handling is a staff function and is often a part 
of the industrial engineering section. Some plants, however, have the 
materials handling department report to the maintenance organization 
or directly to the production superintendent, whereas other companies 
include materials handling as a part of purchasing or the transportation 
section. Irrespective of where it is located, materials handling should be 
centralized under one head so that an overall coordinated approach can 
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be made. Otherwise, one department, for example, might be unitizing 
or packing material in a certain lot size and sending it to another de¬ 
partment which is not equipped or organized to handle such units. 

The duties of the materials handling department usually include the 
following: 

1. Making surveys and analyses of materials handling efficiency. 

2. Designing, testing, and developing new and experimental equipment 

3. Recommending improvements and new installations. 

4. Following up and reporting on the effectiveness of installations. 


COORDINATION OP 
MATERIALS HANDLING 

To be most effective, materials handling applications for a firm should 
be made in a coordinated rather than a haphazard manner; that is, all 
aspects of materials handling from product design to final shipment to the 
customer should be studied. Many firms do not realize the extensiveness 
and far-reaching aspects of materials handling. Poor materials handling, 
for example, may be directly responsible for product damage, customer 
dissatisfaction, production delays, and losses in employee working time. 
These aspects, however, are not usually obvious; therefore, it is not un¬ 
common for a gTeat deal of time and effort to be spent in studying and 
applying materials handling techniques solely to the manufacturing func¬ 
tion. Although manufacturing applications account for many improve¬ 
ments, the possible savings that can be gained from good materials 
handling are not being fully realized if the following areas' are not 
coordinated with the overall program. 

Product design is an area often overlooked for savings in materials 
handling. Possibilities should be considered for making the product easier 
to handle by changing the shape, or by using lugs and grips. Some plants 
in redesigning parts have combined several parts into one, thereby reduc¬ 
ing not only assembly time but material handling time as well. 

Plant layout and materials handling go hand in glove. A well-conceived 
and properly executed layout will institute minimum delays, less back¬ 
tracking. less loss of time, and shortened overall movement. 

Production planning , like layout, should be integrated with materials 
handling. Establishing improved sequences of machine operations offers 
an important area for minimizing materials handling. 

Packaging is a natural place to look for ways to make handling easier, 
and though obvious, it is often overlooked. The design of the package 

l Improving Materials Handling in Small Plants (Washington: Small Busina* Ad¬ 
ministration, 1953), p. 3. 
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Figure 12.1. Comparison of man-hours expended using various systems for moving ma¬ 
terial!. (Courtesy Thomas A. Edison Industries.) 
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Figure 12.1. (Continued). 


itself should be considered with the thought in mind of making it easier 
to grasp, stack, and move. 

Plant location and materials handling should be coordinated from the 
standpoint of proximity to railways, motor truck carriers, and waterways. 


EFFECTS OF GOOD 
MATERIALS HANDLING 

A well-planned and integrated system of materials handling can con¬ 
tribute to effective plant operation in the following ways: 

1. Lower handling costs. Almost all improvements in materials han¬ 
dling methods reduce costs. Usually loads move faster with less labor. 

2. More output per square foot. Utilizing space more effectively, espe¬ 
cially overhead space by the use of conveyors and high tiering, has doubled 
and tripled output per square foot and has made possible an increase in 
building capacity. This increase in capacity is especially true in storage 
and warehouse areas where goods can be stacked higher with greater 
efficiency while at the same time using considerably less square footage 
of floor space. 

3. Decrease in nonproductive time. Idle time for the workers and 
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t is reduced to a minimum by the relatively constant flow of 
machine to machine. In addition, the Make-Ready and Put 
as pects are reduced, thereby increasing an employee's productivity. 

4 Increased safety. There are two objectives here: improved employee 

and improved product safety. Past statistics indicate that about 
* ^ ent of the total fatalities in industry, 21 percent of the permanent 

®J^ji|ti es and 25 percent of the temporary disabilities result from han- 
materials. With less manual lifting required, accidents are reduced 

D minimum and insurance rates can be lowered. From a product safety 
10 dooint, mechanized handling is usually more consistent and there- 
j C Jgjs subject to variations causing product damage. In addition, a 
reduction in handling individual pieces reduces breakage during storage 
and/or shipment. Handling several units of a product at a time by mecha¬ 
nized means rather than handling each unit individually also reduces the 
chances of individual loss and damage. 

5 Reduced fatigue. Fatigue often causes a slowdown in movements 
and productive output. Minimizing nonproductive materials handling 
work by using hoists or other handling devices reduces the amount of time 
spent in fatiguing materials handling operations. In addition, good ma¬ 
terials handling practices reduce the needless rehandling of individual 
pieces with its resulting fatigue. 

6 improved labor relations. Labor generally prefers to work with 
labor-saving materials handling equipment rather than move materials by 
manual, often hazardous, means. 

7 . Reduced cost of finished product. This may be brought about by 
any one or any combination of the above six effects. 


MATERIALS HANDLING 
AT THE WORK PLACE 

Despite the high cost of skilled workmen, a great deal of their time is 
ineffectively spent handling materials as part of their job. Much of this 
could be reduced by assigning it to less skilled laborers and installing ma¬ 
terials handling aids for the worker. Examples of this sort of labor-waste 
exist in almost every plant. Loading and unloading machines, moving 
parts from one process to the next, removing scrap, and lifting and moving 
various tools and fixtures are common examples. 

The best way to reduce handling at any place is not to handle materials. 
For example, a blast of air might be used to remove parts from a ma¬ 
chine; and conveyors or chutes might be employed to drop scrap auto¬ 
matically into a tote box. If material must be handled by the operator, 
every aid consistent with economy should be given him. Many machine 
makers are now installing conveyors on large machines to carry the part 



246 


THE PRODUCTION SYSTEM 



Figure 12.2. The special cote box on the left can be converted into a dispensing bin by 
placing it on the rack at the right with a fork truck. Note that the material is sup- 
plied at a height that eliminates bending and stooping by worker. (Courtesy Union 
Metal M/g. Co.) 

from one operation on the machine to another operation on the same 
machine. Bringing parts to the worker and removing them by conveyors, 
chutes, or slides should be employed where possible. On machines where 
heavy tools and fixtures are employed, some manufacturers are building 
small cranes and other aids into the machines to reduce handling time. 

Special tote boxes (Figure 12.3) are available which can be converted 
into dispensing bins with no rehandling of the contents. In addition, 
other dispensing units for small items can do much to reduce the time 
consumed by many skilled operators in the nonproductive function of 
handling material. 

PRINCIPLE 
OF UNIT LOAD 

This principle is generally recognized as one of the most important prin¬ 
ciples of modern materials handling. Simply stated, it means that it is 
quicker to move a lot of items as a unit than it is to move each one of 
them individually. With machines at our disposal these units can now 
be made machine-size rather than man-size. Figures 12.4 and 12.5 illus¬ 
trate this principle. 

In grouping materials into units, many firms use skids or pallets so 
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Figure 12.3. There small tote 
boxes are converted to dis¬ 
pensing bins by attaching a 
top as illustrated, thus elimi¬ 
nating the materials han¬ 
dling operations needed to 
fill the containers. (Courtesy 
Nesiier Corp.) 


mechanical trucks can be employed to lift and move the unit. Not 
do skids and pallets save time in handling materials, but goods so 
lied are more compact and require less floor space because they can 
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Figure 12.5. Cyclegraph ihowing movements necessary to load a batch ot paUetiied 
material. (Courtesy Signode Steel Strapping Co.) 

The use of the principle of unit load has been so effective that many 
firms today are insisting that materials which they purchase be supplied 
on a unit load basis (palletized, for example) rather than in individual 
units or packages. The same insistence on unit load applies to the process¬ 
ing and distribution of goods. For example, materials are now moved 
from machine to machine in large units, and customers are requesting 
that material be palletized or that some system of unit load be adopted 
to facilitate handling the material when they receive it. 

Containerization is the word used to apply to moving freight in unit 
loads. In this system, containers such as trailers are moved from one mode 
of transportation to another. A shipment of raw material, for example, 
might start out in a trailer being pulled by a diesel tractor. At a certain 
point the trailer leaves the tractor and is placed on a freight car, fre¬ 
quently referred to as piggyback freight. At a port the trailer may be 
lifted from the freight car by a crane and placed in the hold of a ship, 
and after the ship docks at a new port the entire process may be reversed 
to get the trailer of raw material to a plant for fabrication. The savings 
incurred in such a system are obvious and far reaching. 


TYPES OF MATERIALS 
HANDLING EQUIPMENT 

There are almost limitless numbers of materials handling devices. In fact, 
one wonders at times if a piece of materials handling equipment has not 
been designed for each piece of material. Although all variations in ma¬ 
terials handling equipment will not be covered in this chapter, the major 
overall types of equipment and their most important uses will be dis¬ 
cussed. 
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vfyqrs- Conveyors are devices used to transport material over a 
Although conveyors are usually fixed, this does not necessarily 
Jk*'. flexibility. Products can be routed to different points in a plant 
imPC fixed route conveyors by the use of gates or switching mechanisms. 
0VC fact some conveyors or portions of conveyors are often portable and 
* n \ #»xceDt while operating. The use of conveyors is most eco- 


n be moved except . # 

^ cal where a relatively constant flow of materials is needed between 
n0 . Q ne 0 f the longest conveyors on record is the 5 i/ 2 mile conveyor 
to carry limestone from the quarry to the Ideal Cement Company’s 
U jant at Ada, Oklahoma, at the rate of 1,000 tons of crushed stone per 

hour. 


Cranes and Hoists. These are lifting devices that are used essentially 
to pick up and lower material. Some of these, mounted on fixed tracks or 
casters, can be used for horizontal transportation in a very limited way. 
Cranes and hoists may be hand-powered or power-operated. They are 
mostly used to handle bulky, heavy items. 


Vehicles. Under this heading fall the innumerable trucks and trac¬ 
tors used in plants today. They range from simple platform trucks to 
the complex fork-lift truck illustrated in Figure 12.6. 



Figure 12.6. Different attachments allow a fork truck to move palletized bricks or rolls 
of carpeting. (Courtesy Clark Equipment Co.) 
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The industrial truck is by far the most versatile and extensively used 
materials handling device found in industry. In addition to the forks 
usually seen on trucks, they can be adapted with a variety of special de¬ 
vices enabling them to handle many different types of packages and goods. 
Fork-lift trucks are primarily designed for vertical movement and short 
hauls of 150 to 200 feet. 

For distances of over 200 feet it has been found more economical, under 
most circumstances, to use tow tractors to pull trains. A shuttle train may 
operate on a fixed route through the plant in accordance with a definitely 
established schedule. Material going to various departments may be pallet- 
ized and loaded on the train by a fork truck. At its destination the material 
may be removed from the cars by fork truck or the individual cars may be 
uncoupled at various points in the plant as required. Such trains are 
particularly valuable for relatively long movement of fairly large amounts 
of material. 



Figure 12.7. Towing tractor pulling a long trailer train in the yard of a manufacturing 
plant. (Courtesy Clark Equipment Co.) 




Figure 12.9. Combination roller and belt conveyer system used at Inland Steel Con 
tainer Co. (Courtesy Rapistan Inc.) 
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Figure 12.12. Conveyors used to move merchandise to trucks. (Courtesy Standard 
Conveyor Company.) 
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Figure 12.13. Overhead hoist 
and monorail. (Courtesy 
Eaton Yale & Towne Inc.) 



COMMUNICATIONS AND 
CONTROL 

One of the later developments in material handling is the dispatch and 
control of vehicles such as fork trucks by radio. This is the same principle 
used by many cab companies to dispatch taxis. The advantages of such 
two-way systems are fairly obvious. For example, less equipment and fewer 
operators are required in a plant because no time is needed to go back to 
the dispatcher to ascertain where the truck is required next. Production 
time is also reduced by minimizing delays resulting from lack of material. 
Furthermore, radio control saves handling time, increases handling capac¬ 
ity, makes for positive control, and reduces the number of movement 

delays. 

In addition to in-plant control, two-way radio is also used for dispatch¬ 
ing and controlling outside material handling equipment such as trucks, 
trains, cars, and cranes. 


EVIDENCES OF POOR 
MATERIALS HANDLING 

No particular system for handling materials can be condemned as "poor” 
until an economic evaluation of a proposed change has been made con¬ 
sidering quantity and quality of materials, labor costs, and savings pos- 

i 
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sible. The following, therefore, are not positive signs of poor materials 
handling practices; they are, however, indicative that a study should be 
made of the technique being used. 

1. Materials being unloaded by hand. 

2. Materials piled in the yard or on the receiving platform awaiting move- 
ment. 

3. Men standing around waiting for ‘big" handling jobs. 

4. Moving materials more than once in receiving. 

5. Skilled workers handling materials and heavy dies. 

6. Delicate parts frequently damaged in transit. 

7. Production areas cluttered with parts and materials awaiting move- 
ment. 

8. Poorly labeled pallets or tote boxes. 

9. Material handlers waiting at elevators for the elevator to come to their 
floor. 

10. No devices used to move materials from machine to machine, or to the 
worker or level required by the worker. 

11. Workers employed to remove scrap manually. 

12. Cluttered walkways and aisleways. 

13. Materials, tote boxes, and parts projecting into the aisles. 

14. No indication as to ceiling and floor load limits. 

15. Products stored in individual rather than unit form, or in units other 
than that in which they will be shipped. 

16 Improper utilization of overhead space by not stacking pallets or using 
racks that go up to the height reached by the materials handling equip- 
ment. 

17. Lack of studies to indicate the shortest routes through the plant 

18. Aisles too narrow to permit free movement of materials handling equip- 
ment. 

19. Poor floor upkeep. 

20. Production areas and storerooms located far apart. 

21. Railroad cars and trucks awaiting for material to be placed in them. 

22. Cluttered shipping and packaging areas. 

23. Packages poorly labeled as to content and destination. 

24. Lack of portable conveyors or other vehicles used to load freight can 
and trucks. 

25. Men waiting around trying to find something to do. 

26. Men lifting and moving materials by hand. 


MATERIALS HANDLING 
OUTSIDE THE PLANT 

Moving materials, as we have said, does not stop at the plant loading 
platform. The total materials handling system incorporates the flow ot 
items from their source, through manufacture or fabrication, to their hna 
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destination. Managers, however, sometimes ignore this last aspect 
custom material which moves beautifully through the plant fre- 
and 3 iles up on the shipping dock where bedlam and chaos reign, 
quently p* ^ overa ll problem, a new executive is appearing on the 

TO< Kjiown by such titles as Transportation Manager, Traffic and 
scene. Manager, or Materials Manager, this new executive ranks 

'pranspo managers, sales managers, and finance managers in 

al ° n fL. m aking integrating role. He is responsible for (1) movement of 
a 'al to the plant by rail, water, truck, or air; (2) the storing and 
11131611 ent of material within the plant; (3) the protective packaging and 
moVC / n • 0 £ the finished product; and (4) the final transportation of 

warehousing 

nroduct to its destination. 

As ne can well imagine, each of these four areas involves a mountain 

dtailed work and planning. Integrating all four areas into a workable 
° h le therefore, is almost a superhuman task. No one person is capable 
W most plants of grasping and integrating all the details necessary for 
ihe smooth and successful operation of this total system. Fortunately, the 

computer answers this problem. 

By feeding into computers raw data pertaining to orders, claims, msur- 

/ shipping costs, inventory, invoices, and the like, management can 
3 0 w make intelligent decisions that are integTative and coordinated. With 
the output from computers, management can now decide, for example, 
whether it would be more economical to ship by air or build new ware¬ 
houses, whether to hold up shipments to take advantage of carload lots 
or rush the shipments to their customers, whether to shift fabrication of 
a product from one location to another, and thus the list goes on. The 
objective of it all, of course, is economical operation—ultimate profita- 
bility. Using this total systems approach. Xerox Corporation, for example, 
reduced its forty sales branches to seven distribution centers, upped order 
processing by 400 percent, shipped 92 peicent of the orders on the day 
they were received, and added $9 million to net profit in the first three 
years. 2 

The incorporation of this total systems approach is in itself compli¬ 
cated. Actually, experimenting with various aspects of a company’s ma¬ 
terials handling problem could prove costly through loss of customers, 
misplaced material, and increased costs of handling materials. For a com¬ 
plex system, therefore, many companies find it expedient to formulate 
a mathematical model of the company. Although establishing this work¬ 
ing model is expensive, it saves dollars in the long run because it enables 
executives to try out their various materials flow systems in order to deter¬ 
mine their overall economic impact on the firm. This use of a model 


2"New Strategies to Move Goods.” Business Week (Special Report. September 24, 
1966), p. 119. 
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prevents managers from getting involved in an unworkable system which 
could prove costly or even mean the demise of the firm. 

Using this model and the computer, various systems can be tried out 
before incorporating the chosen scheme into the actual operating system. 
Once the new system is operative, management starts the process all over 
again because of the dynamic nature of the firm's economic environment: 
customer desires change, transportation technology creates new modes of 
handling and moving materials, forecasting techniques improve, and ma- 
terials processing undergoes a revolution—all of which necessitate a 
reexamination of the integrated system of handling and moving ma¬ 
terials. 


USE OF OPERATIONS RESEARCH IN 
MATERIALS HANDLING 

Many large firms manufacture products in several plants for shipment to 
their warehouses where they are subsequently shipped to their customers. 
Normally, the product needed by the warehouse is shipped from the clos¬ 
est plant. It is not unusual, however, for the demand by one of several 
warehouses to exceed the capacity of one or more manufacturing plants. 
When this occurs, the question immediately arises as to which is the most 
economical shipment of goods from the several plants to the warehouses. 
One approach used in operations research (OR) to help answer this ques¬ 
tion involves a mathematical technique called the transportation method. 
The technique does not give a final answer immediately, but it allows 
management to produce a feasible solution which it can improve in sub¬ 
sequent steps until it arrives at the best solution. 

To illustrate this approach, let us assume that we manage three sep¬ 
arately located manufacturing plants, Plants X, Y, and Z, from which we 
ship a single product to warehouses in three different distribution centers, 
Greensboro, Atlanta, and Memphis. Data on plant capacities and ware¬ 
house needs are shown in Table 12.1. 


TABLE 12.1. 


Plant 

Plant capacity 

Warehouse 

Product requirements 

X 

100 

Greensboro 

80 

Y 

25 

Atlanta 

30 

z 

75 

Memphis 

90 


Unit delivery costs from plants to warehouses have been computed as in 
Table 12.2. 
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TABLE 12.2. 



To Greensboro 

To Atlanta 

To Memphis 

$5 

$10 

$2 

13 

$7 

$5 

$6 

$8 

$4 


a v of the plants may ship any number of products (up to its capacity) 
Joany center. Given these data, our problem is to minimize the total trans- 

oortation costs. 

l^The first step is to set up a table or matrix with a row designated for 
. rh plant and a column for each warehouse, with requirements and 
capacities indicated, as in Figure 12.14. 



Greensboro 

Atlanta 

Memphis 

Capacity 





100 





a 





75 

Requirement* 

80 

30 

90 

200 

200^\ 


Figure 12.14. 


Our first step is to determine a feasible solution. To do this we first 
show transportation costs from each plant to each warehouse in a small 
square in the upper right corner of each large square, as shown in Figure 
12.15. Next we apply a procedure known as the northwest comer method 
to find an initial solution. Though not necessary to use, this method does 
give us a systematic approach to solving the problem. 

Using this northwest comer method, we place in the northwest comer 
square the smaller of the two capacity and requirement values for that 
row and column. In this case, these two values are 100 and 80, therefore 
we put 80 in this corner of Figure 12.15. This means we ship 80 parts to 
Greensboro from Plant X. This satisfies Greensboro’s requirements for 
80, but does not utilize the entire capacity of Plant X. Before we can 
move down to Plant Y, however, we must exhaust the capacity available 
at Plant X. We do this by placing the 20 parts still available under At- 
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Figure 12.15. 


lanta which needs 30 parts. This exhausts Plant X’s capacity, so we move 
to Plant Y. Inasmuch as the Greensboro requirement has been met we 
move to the Atlanta requirement. We have already allocated 20 units to 
be shipped from Plant X, leaving 10 units still needed. These we can get 
from Plant Y. and so indicate on Figure 12.15. This 10 plus the 20 from 
Plant X meets the requirement of 30 for Atlanta. Now we move to Mem¬ 
phis and allocate the 15 remaining units from Plant Y (25 - 10 = 15) to 
Memphis. The remaining need is to complete the Memphis requirement 
for 90 parts. The 15 from Plant Y leaves 75 still needed to meet the 
Memphis requirement of 90. These 75 units can come from Plant Z and 
we enter this in Figure 12.15. 

While this is a feasible (or workable) solution, we cannot say that it is 
a least-cost solution. Table 12.3 shows actual shipping costs using this solu- 
tion. 


TABLE 12.3. 


From plant 

To warehouse 

Amount shipped 

Delivery 
costs per unit 

Total 

X 

Greensboro 

80 

$5 

$400 

X 

Atlanta 

20 

$10 

$200 

Y 

Atlanta 

10 

$7 

$70 

Y 

Memphis 

15 

$5 

$75 

Z 

Memphis 

75 

$4 

$300 




Total 

$1,045 


Having determined the above solution to our materials handling (ship¬ 
ping) problem, our next step is to determine whether or not this is the 
best solution—whether or not total transportation costs can be reduced. 
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we would like to find is a possible combination of shipments which 
Wb iu'^inimize our transportation costs. 

W ° 1 ferring to Figure 12.15, we ask ourselves what would happen to costs 
.. ^ p arls from a plant to a center or warehouse not now being 
* f WC rd bythat plant. That is, what would happen if we shipped parts 
SeFV1C plant X to Memphis, Plant Y to Greensboro, and so on. Let us try 
£ h° m first with Plant X. Suppose we shipped one unit to Memphis. This 
thlS , d an we could not ship the 20 units to Atlanta because total 
W ° U tv for Plant X is 100 units which we have allocated to Greensboro 
^^Atlanta. We could, however, subtract one unit from the Atlanta ship- 
and send it to Memphis. If we did this, it would leave only 29 units 
. c Atlanta warehouse (19 from Plant X and 10 from Plant Y) which 
ds 30 and would overload the Memphis warehouse, which needs only 
QfTbv shipping them 91 units. We can correct this, however, by shipping 
extra unit from Plant Y to Atlanta and subtract this unit from the 15 
units originally scheduled to go to Memphis from Plant Y. 

Incorporating the above changes would result in a, new distribution 
arrangement shown in Figure 12.16. The new costs are shown in Table 

12.4. 

CENTERS 


Memphis 


Capacity 



Figure 12.16. 


TABLE 12.4. 
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This represents an improved allocation of units because we reduced 
total costs from $1,045 to $1,039. We could repeat this process of moving 
one unit at a time from one center to another until an optimum solution 
was found. This would be laborious, however, and we can use a shorter 
method which gives the same end result. This method, sometimes called 
the stepping-stone method, operates as follows. 

Referring to Figure 12.15, select a block or square which is empty (one 
in which no shipment is made from a plant to a warehouse). We could 
start with the square under Memphis and opposite Plant X which we 
will call the MX square. Next we trace a closed loop path from this empty 
square moving horizontally and vertically only back to this empty square. 
We put a plus sign in the starting square MX and then move to the AX 
(Atlanta-Plant X) square giving it a minus sign. Next we move to AY 
giving it a plus sign, then to MY with a minus sign, then back to MX. 
Figure 12.17 shows this path traced on the original illustration. Applying 
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Figure 12.17. 


these plus and minus values in this closed loop path to the transportation 
costs in each square will give us the amount of improvement we can realize 
by shifting one unit of product from MY to MX and so on. Inasmuch as 
we started from the Memphis-X square which was empty, let us call this 
path the Memphis-X path. The formula for computing the saving in this 
path is Memphis-X = MX — AX + AY — MY and substituting the trans¬ 
portation costs indicated in the upper right corner of each square gives 
us: 

Memphis-X = $2 - $10 -f $7 - $5 
= -J6 

This means that for each unit of product shipped from Plant X to Mem¬ 
phis we will save $6. We, of course, found this out when we computed total 
costs previously and found that they would be reduced from $1,045 to 
$1,039, a saving of $6. 

Let us now compute the savings that would be possible by other changes 
in shipments. Again we start with an empty square, say, GY. We give 
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1 , «alue move to GX, to AX, to AY, back to GY. The formula 
this a p lus v 
and value here is. 

Greensboro-Y = GY - GX + AX - AY 
= $3 - $5 + $10 - $7 
= +$1 

• would cost us $1 extra per unit moved, and since we are trying to de- 
TbiS wc wou id reject this alternative. You will note that in deter- 
CjeaSe our paths we only change directions on squares where we have 
"h^ments indicated. We could not, for example, go from GX to GZ to AZ 
r^use we have no shipments in GZ to shift to AZ. 

All possible paths for unused squares in Figure 12.15 and their savings 
can be determined using this procedure. They are: 

Changes in 

Unused square Path shipping costs 


tfnnohis-X = MX - AX + AY - MY = $2 - $10 + $7 - $5 = -$6 

Y = GY - AY + AX - GX = $3 - $7 + $10 - $5 = +$1 

7 - GZ _ MZ + MY - AY + AX - GX = $6 - $4 + $5 - $7 + $10 - $5 = +$5 

A t ^Z =A2-MZ + MY-AY = $8-$4 + $5-$7 =+$2 


The figures above tell us that if we changed the shipment of one unit of 
the product to the unused square indicated, our costs would either go up 
or down by the amount shown. We found, for example, that if we shifted 
one unit to MX we would save $6, as indicated above. Other changes, in¬ 
stead of saving would actually increase costs. Since we wish to save money, 
we now start to work on path MX to transfer the maximum number of 
units, not just one unit as we did previously. Referring to Figure 12.17, 
we see that we can move 15 units—the smallest number in a negative 
square. This amount (15) is added to each positive square and subtracted 
from each negative square in the closed path, as in Figure 12.18. 
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Figure 12.18. 
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Total shipping costs for this solution arc shown in Table 12.5. 

TABLE 12.5. 


From plant 

To warehouse 

No. units 

Shipping 
cost per unit 

Total 

X 

Greensboro 

80 

*5 

fiA 

$400 

X 

Atlanta 

5 

|10 

0 

$50 

X 

Memphis 

15 

12 

$50 

Y 

Atlanta 

25 

$7 

$175 

Z 

Memphis 

75 

$4 

$500 




Total $955 


This represents a further reduction. We now recheck our solution in 
Figure 12.18 for other possible paths for unused squares. These are: 

ZA = ZA - ZM + XM - XA = $8 - $4 + $2 - $10 = -$4 
ZG = ZG - ZM + XM - XG = $6 - $4 + $2 - $5 = -$1 
Inasmuch as a greater saving is possible on the ZA move (see Figure 12.19) 
we select the smallest number of units in a negative square (5) and add this 
to the positive squares and subtract it from the negative squares. This 

move is illustrated in Figure 12.20. 
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Figure 12.19. 
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Figure 12.20. 
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for this system of shipping materials are shown on Table 12.6. 
C * tf TABLE 12.6. 


FnxnP Unt 


"TT^Teduced total costs by using this new pattern, but do we have 
WC best solution? Again we evaluate the paths of unused squares. These 

^ vr-YG-YA + ZA-ZM + XM-XG = $S-$7 + $8-$4 + $2-$5 = -$3 

m‘zG-ZM + XM-XG = *6-*4 + *2-*5 = -*1 
YG path is illustrated in Figure 12.21. As we did before, we select 
T' llest num ber in a negative square (25) and add it to positive and 
7from the negative squares. This is shown in Figure 12.22. 
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The costs for this pattern are shown in Table 12.7. 

TABLE 12.7. 


Shipping 


From plant 

To warehouse 

No. units 

cost per unit 

Total 

X 

Greensboro 

55 

$5 

1275 

X 

Memphis 

45 

$2 

$90 

Y 

Greensboro 

25 

$3 

$75 

Z 

Atlanta 

SO 

$8 

$240 

Z 

Memphis 

45 

$4 

$180 




Total 

$860 


We have thus reduced total costs again. But again we evaluate the paths 
of the unused squares, to assure ourselves that no further savings arc 
available. These are: 

ZG = ZG - ZM + XM - XG = $6 - $4 + $2 - $5 = -$1 
XA = XA - ZA + ZM - XM = $10 - $8 + $4 - $2 = +$4 
YM = YM - XM + GX - YG = $5 - $2 + $5 - $3 = +$5 

This shows only one possible saving, the ZG path which is illustrated in 
Figure 12.23. By shifting 45 units (the smallest number in a negative 
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Figure 12.2S. 


square) we get a new distribution plan shown in Figure 12.24. Costs for 
this shipping plan are shown on Table 12.8. 
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Figure 12.24. 
TABLE 12.8. 


Shipping 


From plant 

To warehouse 

No. units 

cost per unit 

Total 

Y 

Greensboro 

10 

$5 

$50 

X 

Memphis 

90 

$2 

$180 

v 

Greensboro 

25 

$5 

$75 

i 

7 

Greensboro 

45 

$6 

$270 

** 

z 

Atlanta 

50 

$8 

$240 


Total 


$815 


This leaves four possible paths with empty squares, which are: 

ZM = Z M - XM + XG - ZG = $4 - $2 + $5 - $6 = + $) 

X A = XA - XG + ZG - ZA = $10 - $5 + $6 - $8 = +$3 
YM _ YM - XM + XG - YG = $5 - $2 + $5 - $3 = +$5 
VA = YA - YG + ZG - ZA = $7 - $3 + $6 - $8 = + $2 

Each of these, however, shows an extra cost per unit over the pattern of 
distribution shown in Figure 12.24. We have, therefore, reached an opti¬ 
mum solution. We can prove this by comparing costs (see Table 12.9). 


TABLE 12.9. 


Table number 

Total costs 

Savings over previous system 

12.3 

$1,045 

_ 

12.4 

$1,039 

$6 

125 

$955 

$84 

12.6 

$935 

$20 

12.7 

$860 

$75 

12.8 

$815 

$45 
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Perhaps the steps we have gone through seem laborious, but we can see 
that we will save $230 over the first method of distribution attempted 
($1,045 - $815 = $230). Thus we do save money. We can further justify 
the process because we know by using it that we have arrived at a mini- 
mum-cost solution. This would not normally occur if we solve the prob- 
lem by observation. Most of us, for example, would assume when we look 
at Figure 12.15 that our final solution would include some shipment in- 
volving the low $4 transportation cost indicated for shipping materials 
from Plant Z to Memphis. This low cost square, however, is not even 
included in our optimum solution, a further indication that our power to 
solve even simple problems by observation is not to be trusted. 


INNOVATIONS IN 
MATERIALS HANDLING 8 


The whole concept of moving materials is undergoing a revolution. One 
of the newer approaches involves the use of air to "float’’ material along a 
given route on a pallet without wheels. Air-bearing devices of this type 
are used by automotive firms, paper products manufacturers, and ware¬ 
house operators. 

Another new device involves a tractor train which runs on schedule 
throughout the plant without a driver. Controlled by wires in the floor or 
marks on the floor, these trains stop at predetermined destinations for 
loading and unloading, then move on to the next station after giving a 
short blast on their horn. 

Trucks that faithfully follow a worker through a plant are now in use. 
Moving when the employee moves, they stop when he stops—all controlled 
by a signal device fastened to the worker's belt. 

The entire warehouse of the Kitchens of Sara Lee in Deerfield, Illinois, 
covering an area larger than a football field and four stories high, is oper¬ 
ated without any employees in it. Thousands upon thousands of dozens 
of cakes and rolls are stored here and each morning trucks back up to the 
loading dock to pick up their orders for delivery to customers. These 
orders are picked, placed on a conveyor, and moved to the dock and into 
trucks automatically. 

Thus the list of exciting innovations in this area goes on. We can, in 
fact, well imagine the entire United States as a giant system of materials 
handling, with extensive highway conveyors, air lifts, and train and boat 
conveyors on which materials flow from one point to another. We are even 
moving people at a uniform rate by the use of conveyor belts in air termi- 

3 See James Nathan Miller. "Look Out! That Forklift Is After You/* Reader's Digest 
(October 1966), pp. 142-15. 
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•lions, and large stores. Every day brings fresh new ideas to 
nak, expo* 1 innovations are the rule rather than the exception in this 
^“adouaeid. _ 


STUDY QUESTIONS 


Explain the term, "materials logistics." How does it differ from materials 

oTwhafvalue is the improvement of materials handling to the average con- 

i^what ways should materials handling be coordinated? 

* ° i * n and illustrate the principle of unit load. Containerization. 

4 Under what conditions should conveyors, cranes, hoists, fork trucks and tow 

5 tractors be employed? 

In walking through a plant what evidences might one find to indicate poor 

6 ’ materials handling? 

7 Explain the job of a Transportation Manager. 

' HqW i$ operations research of value in transportation problems? Explain your 
answer by using an illustration. 

Comment on the statement. "Any intelligent manager can determine mini¬ 
mum transportation costs through observation." 

10 Should every concern regardless of size have someone in charge of materials 
handling? Explain your answer. 


ADDITIONAL READING 

Apple. James M. Plant Layout and Materials Handling, 2nd ed. New York: 
The Ronald Press Co., 1963. 

Levin. R. I- and R. P. Lamone. Linear Programming for Management Decisions 
Homewood, Ill.: Richard D. Irwin, Inc., 1969. 

"Methods for Smoother Material Handling." Factory (May 1966), pp. G192 ff. 
"New Strategies to Move Goods,” Business Week (September 24. 1966), p. 112. 
"Reach Fork Trucks Keep this Master Warehouse Efficient," Modern Manufac¬ 
turing (August 1968), p. 82. 

"Sucker Cranes Add Elbowroom," Factory (February 1968), p. 84. 

The 1968 Wheel Awards for Excellence in Materials Handling," Modern Manu¬ 
facturing (January 1969), pp. 60 ff. 



MAINTENANCE 


To the modem executive, maintenance is more than a mere 
synonym for repair. In his way of thinking, maintenance 
embraces a new concept of keeping the plant and equip¬ 
ment competitive and productive—a concept involving 
maintenance as an inseparable part of a total production 
system playing a vital role in maintaining and enhancing 
profits. 

Today’s manager no longer looks upon the maintenance 
organization as a group of second-class employees charged 
with maintaining and repairing plant assets. Instead, the 
maintenance department in many plants is on a par with 
the production department and is recognized as being a vital 
subsystem of the operating organization. Its importance is 
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when one realizes that not only does maintenance keep 
easily rec o rat ing so that products can be produced and delivered to'the 
the p lanl l)Ut j t a j so keeps the plant operating efficiently with an 

customer of delays. Providing these services costs money. In 

a bsolu ance an d housekeeping costs for the nation are estimated 
f act> of $22 billion per year, with such costs increasing at an average 
• n CXC f e ^ om 3 to 5 percent. From these figures we can easily see how poor 
1316 0 e co uld throw an unduly heavy burden on the operating ex- 
— * a firm. Recognizing this, top management today expects the 
P^enance department to operate with the same efficiency and dispatch 

“"the other operating department of a plant. 

Sound principles of organization, planning, operation, and control 
be adhered to if maintenance is to achieve this objective. In a well- 
mUSl . an d well-run maintenance department, therefore, records, sched- 
P a work orders, and controls must be developed and used. Adhering to 
Vse and other recognized procedures is especially important today in 
1 * hi «hly mechanized, push-button plants, where to a large extent proc- 
° are carried on automatically through the use of new instrumentation, 
electronics, and new materials handling devices. 


DUTIES OF 
MAINTENANCE 

The maintenance organization has a variety of duties. It must, for ex¬ 
ample, check, repair, adjust, and lubricate equipment as needed—as well 
as anticipate the need for such repairs and alterations. It is charged with 
avoiding breakdowns and slowdowns of this equipment and is required 
to have on hand at all times the material necessary to effect this at mini¬ 
mum cost. Repair, construction, and minor alterations to buildings also 
come within the purview of maintenance. Thus, maintenance is concerned 
with keeping the equipment, buildings, and services of a plant in satis¬ 
factory repair and operating condition. In this capacity it assumes the 
responsibility for construction, repair, and preventive maintenance on 
the plant building and all its equipment. Good maintenance aims to 
prevent breakdowns before they occur. 

These and the other duties of the maintenance department may be 
classified under one of five main heads: 1 inspection, engineering, produc¬ 
tion, clerical, and housekeeping. To understand the scope of maintenance, 
each of these will be discussed, indicating how it fits into the overall 
scheme. 

1 Edward L. Anthony, "Improving Maintenance Operation in Small Plants," Man¬ 
agement Aids for Small Business, No. 25 (Washington: Small Business Administration, 
1953), p. 2. 
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Inspection from a maintenance standpoint is concerned with the rou- 
'• tine schedule checks of the plant building and its equipment to keep 
track of its condition and to check for needed repairs. On intensively used 
production equipment, inspections are much more frequent and detailed 
than on items of housing. For example, production machines and belting 
may be inspected every week; boilers, furnaces, and compression equip, 
ment may be inspected every month; overhead cranes and fire alarms may 
be inspected every four to six months; fire hose, waste containers, and 
bulkheads may be inspected every six to eight months. After such inspec¬ 
tions, reports are made showing the conditions or flaws, probable reasons 
for their development, and suggested repairs and replacements. A suc¬ 
cession of these reports often indicates weaknesses which may be develop- 
ing or may call for a change in the inspection interval. 

Engineering is concerned witii developing changes and improvements 
in the plant building, or the operating equipment. Recurring breakdowns 
in certain equipment, for example, may suggest the need for an engineer¬ 
ing study by the maintenance department to determine what has caused 
the difficulty. After making the study, maintenance would then develop 
a fixture or a device to prevent or at least reduce such future recurrences. 
In its engineering capacity, maintenance might well be called in to study 
and develop ways of directing sufficient illumination towards a particular 
job through a stronger fixture-bracing arrangement. 

Production puts into operation the ideas developed by the engineering 
phase discussed above. The production function is also concerned with 
performing the work suggested by the inspection function as well as per¬ 
forming other tasks such as servicing and lubricating equipment. The 
production aspect of maintenance is the part that gets work done; it ac¬ 
complishes, and is therefore the function of maintenance that is best 
known. Repairing machine breakdowns is a maintenance function that 
would be classified under this head. 

Clerical work is largely keeping records of costs, time progress on jobs, 
and the like. In addition to these, however, the maintenance department 
is responsible for maintaining a complete set of records pertaining to the 
important features of the plant, equipment, and other properties. Such 
records might include property maps; complete building drawings; com¬ 
plete wiring and power line drawings; maps of underground pipings; 
factory piping maps of water, steam, sprinkler, air, and similar lines; 
complete layout drawings of equipment and transportation facilities; com¬ 
plete listings and drawings of all machinery, showing types, location, date 
purchased, spare parts required, and so on; and records of all inspections, 
adjustments, repairs, and replacements by department, equipment, and 
date. 

Housekeeping, as the name implies, means taking care of the detail of 
upkeep and cleaning of all buildings, equipment, tools, and plant facili¬ 
ties. Cleaning floors; cutting grass; maintaining sanitary employee lockers, 



MAINTENANCE 


271 


, wa sh rooms; and washing windows suggest the far-reaching 
toilets. & a U-i n clusive nature of this function. 

and alm0S ftve functions are in their first sense the total duties of the 
nce department. In many plants one or more of them may 
pjaintena ^ ns fbility of maintenance. Some companies, for example, 
DOt ** he housekeeping responsibility directly on the individual super- 
p| acc ' the plant area concerned. Small plants often include lubrica- 
visors »n ^ er minor production aspects of maintenance as part of the 
ll0 n an ralor . s j 0 b. Larger complex organizations assign all of the 
m *v^five functions to the maintenance department. 
al> ^L duties of the maintenance department fall within two categories: 

lygntive maintenance, which concerns itself with preventing trouble 
Qy it ^urs, through well-conceived plans of repair, adjustment, over- 
bet0 j r an d lubrication; and (2) corrective maintenance, which is con- 
h3U d with correcting the trouble that has already occurred. In carrying 
ouTiu duties the maintenance department should: 


1 Develop an organization capable of performing the required work. 

2 Maintain an adequate written work-order system. 

3 Maintain control procedures to insure future inspections, lubrications. 


and so on. 

4. Plan all work at least one day in advance. 

r Inspect the plant and equipment frequently enough to determine wear 
* aI) d tear, misalignment, etc., before serious damage is done. 

6. Perform such repairs, replacements, or servicing as inspection shows is 


’ required. 

7. Plan and schedule all inspections and lubrications. 

8. Make emergency repairs. 

9 Keep systematic records on equipment, showing all adjustments, re¬ 
pairs, replacements, and so on. 

10. Set up adequate time-keeping practices so as to aid in the proper alloca¬ 
tion of time for cost determination. 

II Maintain an adequately trained, minimum size work force. 

12. Suggest and assist in developing improvements in machinery that will 
make for better operating characteristics, longer wear, and less frequent 
repairs and adjustments. 

13. Establish and maintain an adequate store of maintenance materials 
with minimum investment consistent with needs. 

14. Perform other services and jobs as required, such as aiding in new 
equipment installation, and acting as liaison for outside building con¬ 
tracting work. 


MAINTENANCE POLICY 

The limits of responsibility of the maintenance department vary with 
different plants. Some small plants, for example, use the maintenance 
department for simple repair and replacement. A major nonproduction 
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engineering job in these plants, such as an addition to the building, i, 
handled through outside specialists with only token aid from the pl ant 
maintenance department. Larger companies, on the other hand, with 
more specialized staffs tend to turn over all major nonproduction engi- 
neering jobs to their maintenance department. In some companies re¬ 
sponsibility for planning and suggesting building construction changes is 
placed with the maintenance department, but the actual work is let to an 
outside contractor. 

With respect to equipment maintenance, different firms often have 
widely divergent policies. One medium-sized textile mill, for example, 
has a highly organized and carefully planned maintenance program de¬ 
signed to secure maximum life and utilization of its machinery. On the 
other hand, a midwestem company engaged in an area of manufacture in 
which giant technological strides are being made in equipment has 
adopted a policy of minimum maintenance and maximum wear. This 
company has found such a policy to be more economical because the 
equipment is usually superseded long before it wears out. 

These and similar items are policy matters pertaining to the main¬ 
tenance department and should be decided by top management. It is 
imperative that once a policy has been determined, everyone be informed 
of the decision. In addition, the limits of responsibility and authority 
of the maintenance department should be carefully defined and everyone 
informed as to which jobs are maintenance jobs, who is to do them, and 
when they are to be done. Informing employees of such items can be 
most easily done through manuals of maintenance policies and procedures. 
Such written instructions prevent both misunderstanding and mismanage¬ 
ment that so often result from verbal orders. 


OPERATING THE 
MAINTENANCE DEPARTMENT 

The operation of the maintenance department is unique among all the 
departments of the plant. With a given work load most departments plan 
and organize their work so that the staff is effectively utilized. This can 
be done with reasonable accuracy because the output requirements and 
machine capacity of most departments are known. Both the machines 
and the workers can be kept fully and effectively employed. The work 
of the maintenance department, however, cannot be scheduled with such 
exactness, and the day-by-day work demands cannot be determined pre¬ 
cisely. The objective of the maintenance department is to keep the plant 
running. Idle machinery means idle employees, and an inoperative ma¬ 
chine must be quickly and expertly repaired and put back into produc¬ 
tion. To have men available to perform both routine and emergency 
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repairs means that either the maintenance department must be overstaffed 
to take care of such emergencies, or that maintenance men must be pulled 
off other routine jobs to make the repair. The latter, of course, is slow, 
time consuming, and costly; the former is very expensive. In either event 
maintenance is by its very nature an inefficient operation. It i s coslly 
to keep a sufficient number of men to meet all emergencies, and it i s 
expensive to move workers to a new job before they have completed an 
assigned task. In addition to this aspect, maintenance is inefficient be¬ 
cause of the difficulty of supervision. Maintenance workers are often dis¬ 
persed geographically throughout the plant, and it is often difficult if 
not impossible for the maintenance foreman and supervisors to give 
suggestions, directions, and help when needed. 

To get around these situations most companies attempt to place heavy 
emphasis on preventive maintenance. In such instances, the maintenance 
work necessary to keep the plant operating satisfactorily is first planned 
and scheduled, and then is prorated among the employees of the main¬ 
tenance department. In this way maximum use is made of the workers’ 
time, and emergency repairs are kept to a minimum. Also, with main¬ 
tenance work scheduled in advance, men can be assigned to work in one 
geographical area so that better supervision can be given. 

Many companies, in an attempt to overcome this inherent inefficiency 
of maintenance, are using wage incentives for maintenance employees. 
Under such an incentive pay system, "beating” the standard would entitle 
workers to a bonus or some increment in pay. 


QUEUING THEORY 

As we have indicated, the maintenance operation in a plant is by nature 
an inefficient operation. If we have too many maintenance people the cost 
of keeping them is excessive. If we have too few, the cost of idle equipment 
looms large. Our dilemma, in effect, is illustrated in Figure 13.2. 

One approach to solving this problem is by employing queuing theory. 
In essence what we do is take a series of samples from the assumed dis¬ 
tribution of machines requiring service. One set of samples is made up 
of the distribution of the number of times the machines require service. 
Another set of samples is taken to determine the average length of time 
each machine is waiting for repair. By taking repeated samples of this 
nature using acceptable statistical procedures we can describe the dis¬ 
tribution of waiting times of machines needing repair with a given num¬ 
ber of maintenance employees. Further, we can apply cost figures to 
these machine waiting times and to the salary of additional maintenance 
personnel and thus determine ^a minimum cost number of maintenance 
men to hire. 
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NUMBER OF MAINTENANCE PERSONNEL 


o utinoAhiD between number of maintenance personnel and coal. Mini- 
optimum number ol men U « point n. 

T illustrate how this works, assume that we have gathered samples of 
. d . u with the following results. As you can see from these data, with 
111 costs considered, it would be most economical for us to employ three 

maintenance men. 


Number of maintenance men 

Average number of machines needing 

Avenge idle time of each machine wait¬ 
ing for repair 

Total idle time for aU machines per day 

Average down time cost per hour per 
machine 

Total down-time cost for all machines 

A.cmg^wagm paid tor maintenance 
men per day ® »5 per hour 

Total cost per day for labor and machine 
idle time 


I 2 


50 

50 

30 min. 
25 hrs. 

20 min. 

16^ hrs. 

$10 

$10 

$250 

$166.67 

$40 

$80 

$290 

$246.67 


S 4 


50 

50 

10 min. 
8i/ s hrs. 

6 min. 
5 hrs. 

$10 

$10 

$83.34 

$50 

$120 

$160 

$203.34 

$210 


REQUIREMENTS FOR 
EFFECTIVE PLANT 
MAINTENANCE 

The operation of maintenance departments may vary from plant to plant. 
Larger firms tend to have highly specialized maintenance departments 
with a great many employees. On the other hand, the maintenance de¬ 
partments of smaller plants often consist of one or two men with helpers 
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pulled from the production line when required. In both instances the 
most effective job of plant maintenance will be done if the following fi vc 
prerequisites are considered. 

Written Work Orders. A well-conceived and clearly executed work 
order is the heart of a good system of plant maintenance. A written work 
order illustrated in Figure 13.3 clearly indicates, among other things, what 



Figure 13.3. Maintenance work order used by large manufacturing company. (Courtesy 

Ernst if Ernst.) 

is to be done, where it is to be done, labor and materials required, and 
estimated or allowed time. Such orders help eliminate errors and mis¬ 
understandings that normally develop when verbal orders are used. In 
addition, written work orders allow for the orderly and systematic plan¬ 
ning of work and job assignments. By indicating in advance when work 
is required, plans can be made to have materials and tools available for 
the job, as well as to have qualified individuals assigned to perform the 
work. Copies of such orders are usually distributed as follows: 

1. One copy goes to the cost department so that charges for material and 
labor can be made against the proper job or department. 

2. One copy goes to the production control department so that downtime 
on machines will not be scheduled for productive work. 

3. Two copies are sent to the maintenance department. One copy is re¬ 
tained for planning and assigning work, and the other copy is given to 
the worker to serve as his instructions. An additional copy may be given 
to the employee to act as a material withdrawal slip requesting certain 
materials and parts from the storeroom. 

4. One copy is retained by the person originating the work order. 

Variations in the number of copies and in the distribution can be made 
to meet any operating condition. Work orders, however, should be used 
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jyxespective of plant size because they are the basis of good maintenance 
planning, performance, and control. 

Planning and Scheduling. Despite its importance, few companies 
lan and schedule maintenance work as efficiently as they do their pro¬ 
duction work. Some companies in fact have no planning. Maintenance 
in such companies consists of performing a series of ‘ emergency” jobs, 
planning is possible for maintenance. The experience of many companies 
indicates that such planning will improve the operating efficiency of the 
maintenance department by as much as from 10 to 30 percent. The 
amount of planning that can be done depends on the nature of the process 
and the product, but in general about 75 to 80 percent of the maintenance 
work in an average plant can be planned in advance. 

Planning determines what is to be done and when it is to be done, thus 
establishing the proper sequence and priority. This allows for minimum 
interruptions with the production processes of the plant. In addition, 
planning minimizes lost time for the plant employees by providing for a 
steady flow of work for both the maintenance as well as other employees. 
Knowing and planning what must be done help provide the proper size 
maintenance force, as well as flexibility. Planning and scheduling work 
bring order out of chaos and provide the basis for making sure that tools 
and materials are available when required. With respect to employees, 
maintenance planning and scheduling make for good employee morale 
and serve as a basis for maximum utilization of abilities and skills. 

Planning and scheduling work can be accomplished by several devices. 
One is the simple Gantt chart illustrated by Figure 13.4, showing the work 
required, the time needed to perform the work, the day on which it is 
scheduled, and the type of worker needed for the job (electrician, pipe 
fitter, etc.). The work to be performed is listed on the vertical axis of the 
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chart and a time schedule in days, hours, or weeks is on the horizontal 
axis. When the work is scheduled, the time is shown on the appropriate 
date(s) opposite the job. Such a chart can be used to plan maintenance 
work for any period of time in advance. The chart in Figure 13.4 is for 
one week. Another device often used is a board of pockets with each 
pocket representing an employee or a group of employees. Work is as- 
signed to each by placing the appropriate work orders in the pocket at 
least one day ahead. 

By using these devices a great part of maintenance work can be iched- 
uled a day or more in advance in much the same fashion as regular pro- 
duction work is scheduled. Planning is the basis for all organized coordi- 
nated effort, and the effective utilization of manpower and equipment in 
the maintenance department necessitates good scheduling and planning. 

Storks Control. Maintaining a sufficient number of spare parts, tools, 
and material with a minimum investment is an important part of good 
maintenance management. Having the right material available at the 
right time in the right quantity at a minimum price is a real challenge. 
Essentially this is a problem in materials control. The discussion in Chap¬ 
ter 27, pertaining to materials control and storeroom operation, also 
relates to the operation of maintenance storerooms and will not be dis¬ 
cussed here. It is obvious, however, that adequate materials and tools 
must be provided if maintenance work is to be performed efficiently. 

Records. Adequate records are necessary for planning, operating, and 
' controlling in any system of work. In large plants where numerous ma¬ 
chines exist, such records are essential. In small plants with few machines, 
detailed records may not prove so vital. Records, however, are the basis 
for decisions and reflect the history of the section or department. The 
two major factors in preventive maintenance are (1) scheduled inspection 
and (2) lubrication. Planning the work of preventive maintenance requires 
that records be kept of all machines—records indicating special charac¬ 
teristics, plant location, inspection intervals, spare parts required, lubri¬ 
cation frequencies, and the like. With adequate records such as these 
available, workman be performed as required. In addition an analysis 
can be made of past maintenance work and repairs on machines to deter¬ 
mine: (1) if the established inspection and oiling frequencies are correct; 
(2) if a new piece of equipment should be purchased; or (3) if a major 
repair or overhaul is needed. Similar detailed accounts are needed on 
property and equipment. 

Reports and Controls. To assure the effective operation of the main¬ 
tenance activity, a system of maintenance reports and controls is needed. 
Reports of activities and completed work form the basis for establishing 
standards by which the effectiveness of the department can be measured. 
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• tenance program can be developed and maintained without vari- 
No , s Time standards reflect how long it should take to perform 

oU f *** jybncation standards indicate the interval between lubrications; 
a • • standards specify the number of square feet of paint that should 
painting ^ ^ gj ven surface per hour. Such standards of performance are 

d* eloped from records and are often used as a basis for standards of work 

^^^mTsundards of how long lt wiI1lake 10 P erform a lask are obviousl y 

ded to plan and schedule work, to determine the work force required 
^do the work, and to measure the effectiveness with which the men per- 
f° ° the task.'Maintenance time standards may be developed by time 
0TX ? standard data, Methods-Time Measurement, ratio-delay, analyzing 
S «t records of performance, or by estimates of experienced men. 

P In routine work such as replacement of lamps and in repetitive work 
uch as repairing doors or replacing belts, time standards can be estab¬ 
lished easily through time study. On nonrepetitive work and major opera¬ 
tions lasting more than one or two weeks, estimates by qualified persons 
most often serve as standards. 

Once such standards have been established, reports can be developed 
to show manpower utilization expressed as the ratio of actual work com¬ 
pleted to the work scheduled. This may also be used as the basis for 
bonus or incentive pay. Other reports are also issued showing the per¬ 
centage of planned versus unplanned maintenance work, weekly perfor¬ 
mance of maintenance department employees, total weekly or monthly 
payroll of the maintenance department, and so on. Reports such as those 
illustrated in Figures 13*5-13.7 are valuable to management because they 


DOLLARS 
(in thousand*) 



Figure 13.5. Control report showing monthly maintenance cost compared with last 
year's average monthly cost. 
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Figure 1S.7. Control report showing monthly percentage of machine downtime due to 
maintenance work. 

show trends in cost, time, etc. Maintenance work performed for various 
departments and jobs is often published monthly and serves in many 
plants as a basis for subsequent budgeting. In fact, reports such as these 
often prove of major use to management in over-all planning for operat¬ 
ing efficiency and minimum costs. 
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ORGANIZATION 


The organizational structure of the maintenance department varies with 
•he size of the plant. Where small plants might have one or two men 
reporting directly to the superintendent for their instructions, large com- 
Jnies with heavy investment in the plant and a high volume of main- 
fenance work may have organization structures similar to one of those in 

Figure 13.8. 



Figure 1SJ. Organization charts of centralized and decentralized maintenance depart¬ 
ments. 


• The maintenance department is primarily a service organization and as 
such is part of the plant’s staff. It most frequently is found in the engineer¬ 
ing organization or it may occasionally report to other members of the 
production group. Some plants organize their maintenance activities 
around a "master mechanic" who reports directly to the plant superin¬ 
tendent. 

Depending on the size and complexity of the maintenance department, 
various skills and persons are included. In a small textile mill, for ex¬ 
ample, the maintenance department is usually made up of a mechanic, 
an electrician, and a carpenter. Extra help when required is taken from 
the production department. A large southern electronics plant, on the 
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other hand, has mechanics, electricians, pipe fitters, steam fitters, engi¬ 
neers, painters, carpenters, guards, firemen, janitors, and a landscape 
gardener in its maintenance department. 


WAGE INCENTIVES FOR 
MAINTENANCE WORKERS 

No alert manager can afford to ignore the salutary effects of work mea¬ 
surement and maintenance incentives. Within three years after installa¬ 
tion, for example, the maintenance incentive program at DeLaval Steam 
Turbine Company in Trenton, New Jersey, reduced the maintenance 
work force by 16 ^ percent despite a substantial increase in maintenance 
workload. In addition, a payroll saving of $15,000 a year was realized 
while paying maintenance workers an average of 15 percent higher 
wages. 2 H. B. Maynard. President of Maynard Research Council in Pitts¬ 
burgh, estimated that the use of work measurement in maintenance could 
increase productivity from 50 to 100 percent, while reducing maintenance 
costs 30 to 40 percent. Andrew Huber of the A. T. Kearney & Co., Chi¬ 
cago, indicated that you could expect a net cost reduction in mainte¬ 
nance of about 25 percent as a result of incentives. 3 Thus, the story goes 
of greater efficiency and lower costs. Despite this, however, many other¬ 
wise alert managers still plug along with an outmoded maintenance pay 
system. 

For many years it was thought that incentives could not be used in 
maintenance work because it was not “repetitive.” Although the standards 
established cannot be as detailed and precise as standards for a highly 
repetitive production job, maintenance work does possess an element of 
stability and can be standardized and measured. Therefore, with recent 
labor wage increases and the prevalence of incentive pay systems elsewhere 
in plants, incentive pay systems have been installed in many main¬ 
tenance departments with good results. The difficulty, of course, is de¬ 
termining a standard or allowable time for a job. Much maintenance work 
by its very nature is not highly repetitive, and it does not, therefore, easily 
tend itself to either stopwatch study or the other more common systems of 
timing jobs. Standard times for such maintenance work can be developed, 
however, by the use of work-sampling, standard data, or even by careful 
estimations based on previous experience. Whatever the method used, a 
standard time indicates how long on the average it should take a main¬ 
tenance man to perform a given job, such as "inspect and lubricate high¬ 
speed press.” Once such standards have been set, the efficiency of the 

2 "Here's Proof You Can't Ignore—Maintenance Incentives Do Work,” Factory 
(March I960), p. £26. 

3 "10 Ways to Cut Maintenance Costs.” Factory (November 1961), p. 107. 
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.. . employees and the department as a whole can be determined. 
’"Effiriencv of the employee, for example, may be detemuned by ex- 
TbC C „ standard hours as a percentage of actual work hours. The effi- 
pressmg ^ tment as a whole may be determined by the percentage 

C ' enCy - tenance standard hours to actual labor hours or by maintenance 
° f “.“'"total payroll or sales. The efficiency of equipment measured by the 
C ° S - '°f actual running time to scheduled running time may also indicate 
"^'Effectiveness with which maintenance has performed its work. 

Perhaps the most common and easily used base is employee efficiency 

measured by the percentage of standard time to actual time. In deter- 
an employee's efficiency, however, relatively long periods of time 
T n weeks or more) are often used because of the variability of the ratios 

r individual jobs. In this way the ratios will have time to balance out 
, he variations and the inequities that may exist in specific jobs. 

Each year more and more maintenance departments are placed on 
ome form of incentive pay. In addition to affording greater take-home pay 
,o the employees for more work, it has stabilized the time required to per¬ 
form various jobs so that better scheduling and planning can be achieved, 
thereby making maintenance a more efficient and effective operation. 

USE OF COMPUTERS 

For more efficient operation as well as control, many firms today are using 
computers in managing their maintenance programs. In the area of pre¬ 
ventive maintenance, especially, computers have proved their usefulness 
to large firms. One company, for example, with over 500 pieces of equip¬ 
ment, annually processed about 20.000 maintenance work orders. When 
written and scheduled by hand, many errors occurred in these orders— 
especially in the timing of assignments. After conversion to a computer 
programming system with 17,000 cards, almost perfect maintenance cov¬ 
erage resulted with virtually error-proof work order descriptions and job 
timing. 4 By switching to a computerized system of preventive mainte¬ 
nance, the Aerospace Corporation of San Bernardino, California, achieved 
the following improvements over its manual system: 5 

1. Reduced overtime caused by emergency repairs. 

2. Eliminated premature parts replacement. 

3. Called attention to equipment abuse. 

4. Reduced cost of equipment record keeping. 

5. Eliminated human errors in preparing work orders and other records. 

4 C. J. Vlahos, "Computers Can Cut Maintenance Costs " Management Review (Janu¬ 
ary 1968), p. 57. 

5“This Computer Printout Upgrades PM in Three Minutes a Month, Factory 
(December 1966), p. 70. 
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6 . Established sound performance ratings for maintenance employees. 

7. Reduced the average cost per work order by J29.ll. 

The above illustrations are typical of the savings that may accrue when 
computers are used in clerical operations where the volume of work is 
sufficient to warrant it. 


PERT TECHNIQUES 

PERT (Program Evaluation and Review Technique) will be discussed in 
detail in Chapter 29; however, we should note here that PERT methods 
have been used quite effectively in planning major maintenance projects 
Shutting down and overhauling a paper machine, for example, is an in¬ 
volved and very costly operation—costly from a labor standpoint, but 
especially costly because of the loss of productive output during the repair. 
PERT can be used effectively on maintenance projects such as this. Addi- 
tions to existing facilities, new buildings, and similar major projects can 
likewise benefit from the use of PERT. Some companies, in fact, report 
savings as high as 25 percent by using PERT. Applied to the maintenance 
and overhaul of a refinery, PERT reduced its shutdown time from 
eighteen to sixteen days, which put the refinery back to producing two 
days earlier and added 90,000 barrels to its production volume.* 


STUDY QUESTIONS 

1. How can computers be used in maintenance? What are the advantages? 

2. Can incentives be used in a maintenance department? Explain how and why. 

3. How are the duties of a maintenance department related to maintenance 
policy? Explain. 

4. Why is maintenance an inefficient operation? 

5. Why is a written work order the heart of a good system of plant maintenance? 

6 . What is the difference in the organization of the maintenance function in a 
large plant versus a small plant? Whom should the maintenance man work 
for: the factory foreman in whose department he is working, or the main¬ 
tenance foreman? Why? 

7. Would the overall maintenance program for a refinery differ from that of a 
large job-order shop? Why? 

8 . How can a plant schedule maintenance work? 

9. How does preventive maintenance differ from "emergency repair” main¬ 
tenance? Where would each be used? 

/ 

* C. J. Vlahos, "Computers Can Cut Maintenance Costs,” Management Review (Janu¬ 
ary 1968), p. 59. 
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. organization and supervision of maintenance work create any special 
10 - p^biems? How would you solve them? 
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Henry Ford once said that if you needed a new machine 
and didn’t buy it, you paid for it without getting it. What 
Henry Ford said still holds true. However, many firms today 
through high manufacturing costs are paying the price of 
new equipment without receiving the benefits of new ma¬ 
chinery simply because they lack a systematic approach to 
equipment replacement. 

At some time in their history all establishments are faced 
with the problem of determining if a new model machine is 
economically justifiable, or if a process now being done man¬ 
ually could be done more economically and effectively by a 
machine. In most instances the final solution to this problem 
rests on determining what effect the new item will have on 
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tential of the firm. That is, if total operating costs can be 
the P roht £ jpnrlv a new machine would probably be a wise investment. 

IpY/ fl gd sumo 7* , 1_..... Minn 


vered [Q rep i ace , however, is a difficult problem. Many 

the mistaken idea that an item of equipment should not be 
P« 0 P le " ntil it i s physically worn out. In fact, one mill owner proudly 
replace ^ ^ the aut hor that a certain piece of equipment had been 
pointed o )g()1 ThoU gh this particular piece of machinery had not 
6p eraung ^ u had )ong since been superseded by modern equip- 
P hyS "th 3 t could do the same job more effectively, in less time, and at a 
tower cost. He was, in effect, paying for the new equipment without get¬ 
ting i‘> 


REASONS FOR 
REPLACEMENT 

The major reasons for replacing equipment are deterioration, obsoles¬ 
cence, inadequacy, and improvement in working conditions. 

Deterioration. The need for equipment replacement is obvious when 

chinery wears out and is not functioning as it should. Such machinery, 
” all probability, has caused a loss in operating time; has decreased pro¬ 
duction- has produced a poor quality product; and has made for higher 
labor costs with declining efficiency and increased maintenance expenses. 
Under such conditions the need for replacement is obvious and the prob¬ 
lem lies not in whether to buy a new machine, but which machine to buy. 

Obsolescence. Although worn-out equipment may present concrete 
evidence of the need for replacement, other situations involving obsolete 
machinery often exist that are not quite as obvious. For example, a new 
piece of equipment may be available on the market which is more efficient 
than the machine currently owned; however, where the present equip¬ 
ment is functioning well mechanically, the need for replacement may be 
difficult to discern. In fact, unless management is constantly searching for 
newer and better equipment, the unwarranted manufacturing costs aris 0 
ing from obsolete machinery may reduce profits and seriously impair the 
firm's competitive position. 

Inadequacy. New products or contemplated product changes may 
render old machinery inadequate and, therefore, call for different manu¬ 
facturing equipment. Yesterday's drill press, for example, may not be 
large enough to handle tomorrow’s new product. Thus, although the drill 
press is functioning perfectly and is not obsolete, it is simply inadequate 
for manufacture of the new item. Sales forecasts of probable variations 
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in product designs to meet customer demands may point out the inade¬ 
quacy of present equipment and the need for newer equipment of greater 
flexibility. 

Working Conditions and Morale. Finally, employee dissatisfaction 
safety, and low morale, resulting from the unpleasantness or hazardous 
nature of a particular process, might indicate the necessity for equipment 

replacement. 


THE PROBLEM 

If determining when to replace a piece of equipment were as simple as 
deciding when to buy a refill for a ball-point pen, we would not have 
many equipment replacement problems. We would simply purchase a new 
machine when the old one gave out. Putting it another way, if equipment 
would last like "The Deacon s Masterpiece” (or "The Wonderful One- 
Hoss Shay”) and operate effectively with no maintenance until it finally 
collapsed, the problem would be considerably simplified. Unfortunately, 
this is not the case. Instead, most pieces of equipment, like automobiles, 
require a series of maintenance expenditures which often increase as the 
equipment ages. With age most equipment deteriorates and, in addition, 
is subject to obsolescence as newer, better machinery is produced to per¬ 
form the same job more effectively. In fact, with the very rapid progress 
being made in technological development today, equipment is more often 
superseded technologically than worn out by deterioration. The problem, 
then, might be stated as one of equipment dis-placement rather than 
equipment re-placement, because improvements tend to displace a piece 
of equipment long before it is worn out. The specific problem, of course, 
is determining when the purchase of a new piece of equipment is economi¬ 
cally warranted. Solving the problem can be accomplished most easily 
if a systematic and logical approach is used to analyze the situation. 


TYPES OF COSTS 

The costs involved in the acquisition of new equipment may be classi¬ 
fied as (1) recurring costs and (2) nonrecurring costs. 

Recurring costs are those that are expected to continue year after year 
as the equipment is used. Such costs as direct labor, material, taxes, in¬ 
surance, and power are examples of recurring costs. Although these costs 
may vary slightly from year to year, they are usually a relatively constant 
amount. 
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Nonrecurring costs are those that are incurred only once in the life of 
ipment These include such items as the purchase price of the 
C machine, transportation costs involved in getting the new equipment 
m the plant, and the installation charges. 

When a company commits a certain amount of capital for the purchase 
f a new piece of equipment, it usually does so only after the best estimates 
? that the capital investment will be recovered and a reasonable 
return will be forthcoming. This return is figured on the difference be* 
[ween the recurring operating costs for both the present and the proposed 


equipment 


and is known as the annual cost saving. 


COST SAVING 

Cost savings are usually determined on an annual basis by listing the 
operating costs of the present equipment and the estimated operating costs 
of the proposed machine or machines. In listing these operating costs, 
we consider only those costs which will be different under one alternative 
from what they will be under another. For example, if a given overhead 
cost (such as heating) will be the same whether or not we keep or replace 
an old machine, then this cost should not be considered. However, if a 
proposed machine will take less labor to run than the old machine, then 
this type of cost should be listed because the amount varies for different 

alternatives. 

After we have listed the operating costs of the alternative machines, 
we can then compare the totals of each to determine whether or not the 
proposed equipment would be cheaper to own and operate. For example, 
assume that a company is considering purchasing a new machine at an 
installed total cost of 55,000. The annual out-of-pocket operating costs 
of the present and proposed machines are assumed to be: 



Present 

Proposed 

Direct labor 

$5,000 

$2,000 

Indirect labor 

1,500 

1.000 

Maintenance 

800 

200 

Power 

200 

800 

Taxes and insurance 

100 

600 

Total Out-of-Pocket Expenses 

$5,600 

$4,600 


In addition to these costs, we should also include such costs as fringe 
benefits, floor space, tools, setup time, materials, and materials handling, 
if they apply. 

The listing of out-of-pocket costs shown above indicates a net oper¬ 
ating advantage or saving of $1,000 per year if the proposed machine 
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is purchased. However, these are only out-of-pocket costs with no allow¬ 
ance made for interest and depreciation. Both of these are expenses and 
should be considered. 


INTEREST 

The new equipment will cost $5,000. If this amount is borrowed, the 
costs involved in this transaction, such as interest, must be paid. If, instead 
of borrowing, the company has the funds necessary to purchase the equip- 
ment, we would still have an interest charge. This is reasoned as follows. 

If the $5,000 available for purchase of the equipment were not used to 
buy the machine, it could be invested elsewhere and a return could be 
realized on the money. Economists call this an opportunity cost. The com¬ 
pany’s money could, for example, be placed in the bank and a rate of 
return of, say, 5 percent or $250 a year would be received. However, if 
the company uses the $5,000 to purchase the new equipment, this inter- 
est return of $250 would not be realized and therefore should be con¬ 
sidered as a cost for the new equipment. 

In all probability the interest rate of 5 percent used above is not a 
good figure. Instead of placing capital in a bank, many firms invest it in 
their own or other companies with greater risks but yielding a higher rate 
of return than that normally paid by a bank. In the above illustration, 
therefore, the company should determine what rate of return it could 
secure from an investment of a similar risk, then use this rate of return 
to figure the interest charges which should be added to the annual operat- 
ing costs. For example, let us assume that the company finds that from an 
investment of comparable risk it can get an interest return of 10 percent. 
This figure of 10 percent, then, would be used and would add an annual 
interest charge of $500 (10 percent of $5,000) to the total out-of-pocket 
expenses of $4,600. Although next year’s interest charges on the new 
equipment would be $500, the interest for each succeeding year would, 
of course, be less as the capital amount decreases by depreciation. For 
the purposes of replacement, however, this annual decrease in interest 
charges is not usually considered significant. 

Next we must determine what interest charge, if any, should be applied 
to the present equipment. The same reasoning as that used for the pro¬ 
posed equipment is applied to the old equipment. For example, if we can 
determine that the company is giving up a possible interest return on the 
money invested in the present equipment, then this loss in interest should 
also be charged as an annual operating cost against the present equipment 
Determining how much money or capital the company has invested in the 
old equipment is simply a matter of determining the current market price 
of the old equipment. For example, in the problem above let us assume 
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the old piece of machinery could be sold for $1,500. If it is sold, 
that 5Q0 coU id be invested at 10 percent and a return of $150 per year 
^ ki be realized. This $150, therefore, constitutes a charge because it 
mething the company gives up or 'pays" when it keeps the old ma- 
If the old machine had no market value, then we would have no 

interest charges. 

1 R listing the interest char g e $ 150 for the present machine and $500 
for the proposed machine, we can now compare the two machines as fol¬ 
lows: 


Total out-of pocket expenses 
Interest expense @ 10% 

Total 

The proposed equipment still shows a net annual operating advantage 
of $650. 


Present 

Proposed 

$5,600 

$4,600 

150 

500 

$5,750 

$5,100 


DEPRECIATION 

Depreciation is another factor that should be considered. Depreciation 
is a decline in asset value. It is an accounting concept that is used to allo¬ 
cate the charges for a piece of equipment in some equitable fashion over 
the operating life of the equipment. In one sense, depreciation can be 
thought of as the ‘'rent" paid for use of the equipment during a period 
of time. 

There are many ways in which depreciation can be figured, 1 but for 
purposes of this analysis the straight-line method will be used because of 
its simplicity. The proposed equipment will cost $5,000. Let us assume 
that it will have an operating life of four years, after which it can be 
sold for $1,000. Subtracting the $1,000 salvage value of the machine from 
its original cost leaves $4,000 that must be charged as depreciation over 
the four-year life of the equipment. This $4,000 divided by four years 
yields an annual depreciation charge of $1,000.-Thus, the equipment, 
like a resource, is being used up at the rate of $1,000 per year; therefore, 
an annual charge of $1,000 should be made in our analysis against the 
proposed machine in addition to those charges already listed. 

Depreciation costs on the proposed equipment represent the best esti¬ 
mate of what we think the future annual decline in value will be. Depre¬ 
dation costs for the present equipment, however, are not figured in this 
manner. For the present equipment we know (or can easily determine) 
what the market value is and do not, therefore, have to rely on previously 


iSee any standard accounting text. 
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determined depreciation charges. Depreciation, we have said, is a decline 
in value. Therefore, to determine the depreciation charges for the present 
machine we determine its annual loss in value from this time on. This 
loss-in-value figure has no connection with the depreciation estimates made 
when the equipment was originally purchased. To illustrate depreciation 
charges on the current equipment, let us assume that the present machine 
will last two additional years and at the end of that time will have a 
salvage value of $500. We have already determined the current market 
value of the present equipment to be $1,500. At the end of two years, 
therefore, it will be worth only $500. declining $1,000 in market value 
during these two years. This $1,000 decline in market value over a two- 
year period represents the depreciation on the old machine, and is an 
annual equivalent ol $500 ($1,000 divided by two years). This $500 figure, 
then, is the annual amount we should charge off as depreciation against 
the old equipment. Obviously, if the old machine experienced no decline 
in value over this two-year period, or if it had no current market value, 
then no annual depreciation charges would be made against it 
Our annual cost figures now read: 



Present 

Proposed 

Direct labor 

$3,000 

$2,000 

Indirect labor 

1300 

1,000 

Maintenance 

800 

200 

Power 

200 

800 

Taxes anti insurance 

100 

600 

Interest expense @ 10% 

150 

500 

Depreciation 

500 

1,000 

Total 

$6,250 

$6,100 


This leaves an annual cost saving of $150 if the new machine is pur¬ 
chased. Is this sufficient to warrant investing $5,000? Other factors are 
often considered 'before this final decision is reached. For example, the 
proposed equipment may increase the capacity of the plant in line with a 
sales forecast or it may be more flexible equipment and make for ease in 
product variation. Both of these factors would also favor the replacement, 
not to mention the $150 annual cost saving. In addition to these factors, 
However, management is also interested in how long it will take to get 
their investment back. 


CAPITAL RECOVERY 

Many companies establish a standard pay-off period during which time 
any investment in new equipment must “pay for itself.” For example, 
one large meat packer will not invest in any tool that will not pay for itself 
in one year, or any piece of major equipment that will not pay for itself 
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fewer years. This capital recovery period is sometimes expressed 
in or ^ relurn on investment.” Actually both concepts are identical. 

3S 3 r any has a pay-off period of two years then the rate of return is 
a C ° ce ^ t a one-year recovery period would obviously be a 100 percent 
5° ^ whereas a five-year recovery period would be the same as a 20 

Z‘rrZ't rate of return on investment. 

14 uickly a proposed machine will pay for itself is figured by divid- 
the annual saving plus depreciation on the new equipment into the 
t necessary to realize the saving. For example, in the above 
* nV blein the new machine cost $5,000, but we could realize $1,500 by 
P*J?! the 0 id machine. The net investment, therefore, would be $3,500. 
T determine the recovery period, this $3,500 is divided by the sum of 
he annual cost saving ($150) and the depreciation on the proposed ma- 
. e /|i ( 000) yielding a recovery period of 3.04 years ($3,500 -r $1,150 = 

3 04 years). The $1,000 depreciation charge is added to the annual saving 
f $150 because in addition to the $150 saving realizable each year, $1,000 
° set aside as a depreciation allowance that is also applied to recovering 
ihe $3 500 net investment. Looking at this otherwise, if the total annual 
operating costs for the old and proposed equipment were the same, then 
the proposed equipment could still be ”1)31(1 for” through the deprecia¬ 
tion charge set up for the proposed machine. Thus. $1,000 as a deprecia¬ 
tion charge is available annually to help pay for the new piece of 
equipment, and in addition a total net saving of $150 is also available. 
Therefore, to figure the recovery period. $3,500 is divided by $1,150 yield¬ 
ing 3-04 years. This means that in approximately 3.04 years the net invest¬ 
ment of $3,500 in the new machine will have been recovered, and after 
that time the $1,150 return will be “pure profit." 

The validity of this concept of a short pay-off or capital recovery period 
is highly debatable. Deciding whether the pay-off period will be two, 
four, or eight years is mostly a matter of "business judgment,” or "sound 
business reasoning." In fact, some individuals claim it is simply a matter 
of intuition, guess, and personal preference. In general, however, business¬ 
men seem to feel freer to invest money which will be recoxered in two to 
five years rather than longer periods of, say, ten to twenty years. They 
indicate that beyond the relatively short range of two to five years their 
estimate of future economic conditions is much more uncertain, there¬ 
fore, their hesitancy to commit capital for longer periods which might 
involve a loss. 


DEPRECIATION 

EXCEPTIONS 

Although our previous discussion of depreciation indicated that it would 
be included as a cost factor for the proposed piece of equipment, this is 
not actually necessary. Depreciation can be entirely omitted on the pro- 
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posed, machine with no difference in the final answer. This is true be 
cause the depreciation charges which were included in the operating costs 
were "taken out" and added to the annual savings, with the net effect that 
no numerical difference occurred in the final figure. 

To illustrate this fact, consider the depreciation charges for the pro¬ 
posed equipment in the problem previously discussed. By adding the 
$1,000 depreciation charge to the annual saving of $150, we determined 
that the total amount that would be available to help pay for the new 
equipment would be $1,150. Let us see what this figure would have been 
had we not included depreciation. With the $1,000 depreciation figure 
omitted from the proposed equipment, our total operating costs would 
have been $5,100. Our annual saving would have been the difference 
between this figure and $6,250, or $1,150—the same as that calculated 
previously. Therefore, because depreciation on the new equipment has 
no net effect on the final figure, it is often omitted from replacement cal¬ 
culations. 

Some people feel that depreciation for the old equipment should be 
figured on the basis of book value and not market value. They say, for 
example, that if a machine that is expected to last ten years is purchased 
for $ 10 , 000 , then annual depreciation would be $ 1,000 if it is expected 
to have no scrap value. At the end of eight years the book value of the 
machine would be $2,000. Assume, however, that at the end of eight yean 
the machine has a market value of $1,000 and is expected to have a scrap 
value of $200 at the end of ten years. This means that the machine will 
lose $800 in market value during the ninth and tenth years, or depreciate 
at the rate of $100 per year. Which depreciation figure should be used 
for equipment replacement problems: the $1,000 depreciation based on 
book val^ie, or the $100 figure based on market value? 

Because accountants most frequently use the $1,000 figure in their 
various statements, and because the government accepts that figure for the 
purpose of income tax statements, some managers see no reason why they 
should not use the same figure in computations arising from equipment 
replacement analysis. 

Replacement problems and accounting problems, however, are not the 
same. The accounting figure of $1,000 was the best estimate of the ma¬ 
chine's decline in value at the time the machine was bought. This figure 
is the result of actions taken in the past. Actually, it has no relevance 
to equipment replacement problems because no current decision can alter 
the figure. The current market value of the machine is relevant, however, 
because the machine may be sold and the money applied toward the pur¬ 
chase of the new machine. Therefore, depreciation for the old machine 
should consist of the annual decrease in market value that the business 
would actually experience if the old equipment were retained. 
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kine at it in another way, we could say that if we used the $1,000 
ciation figure, we would actually be overcharging the old equip- 
“ c P r • operating costs and thus tend to make the proposed machine more 

fQefl ^ _ •_LI.. lliir mill d nr (n ranlnra n»m<)>ii»lll TTrtf 


attractive. 


Conceivably, this could lead us to replace prematurely. For 


pie if operating costs for the old machine, including the $1,000 book 
a relation charge, totaled $5,000, and operating costs for the new ma- 
u- e were $4,400, then we would probably say that we should buy the 
machine because of the annual "saving” of $600. If, however, we 
11 the true depreciation figure of $400, then total operating costs for the 
old machine would be $4,400, or equal to those of the proposed equip¬ 
ment With other things equal, replacement of the machine obviously 
would not be made. 


BOOK VALUE OF AN 
OLD MACHINE 


When a new machine is purchased, some people feel that the unde- 
reciated book value of the old machine should be a part of the total cost 
of the new machine. This is incorrect. The book value of the present 
machine is a sunk cost. We cannot do anything about it. Regardless of 
whether or not we buy the new machine, the sunk cost of the old machine 


will be written off. 

To illustrate this fact, assume that we have a machine with an annual 
depreciation of $1,000, an undepreciated book value of $5,000, and no 
scrap value. Also, assume that a proposed new machine will cost us 
|10,000. If we buy the new machine must we recover $15,000 in order to 
cover the $10,000 cost of the new machine plus the $5,000 book value 
of the old? Of course not! 


Regardless of whether or not we buy the new machine, the undepre¬ 
ciated balance of $5,000 for the old machine will be written off. Thus, if 
we keep the old machine, the $5,000 balance will be written off in five 
years at the annual rate of $1,000 per year. If we buy the new machine 
and discard the old. then this undepreciated book value will be written off 
as a loss. In either event—whether we buy the new or keep the old—we 
write off the undepreciated balance of the old machine with the same 
ultimate effect on profit. 2 The undepreciated book value of the old ma¬ 
chine, therefore, can be ignored and not treated as capital to be recovered 
through cost savings resulting from the purchase of a new machine. To 
do otherwise would place an undue burden on the proposed piece of 
equipment. 


2 Actually we would have a small difference, that being the present worth of $5,000 
as a tax deduction versus the present value of a $ 1,000 deduction each year for five 
years. 
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taxes 

The effect of taxes may also be considered. Conceivably the proposed 
replacement would enhance profits and annual federal taxes would be 
higher as a result. In fact, it is possible that because of the tax structure, 
a proposed investment in new equipment though providing an "annual 
operating cost saving” could cost more to own and operate because of the 
increase in taxes resulting. Or it may be that from a tax standpoint, pur¬ 
chasing the new machine could save money. 

Many companies, however, omit the question of income taxes from re¬ 
placement decisions, because they feel that the situation which offers the 
greatest saving (or increase in profit) before taxes will usually offer the 
greatest saving (or profit increase) after taxes. 


TOTAWFE 

AVERAGE 


Some companies approach replacement analysis by lumping all costs in¬ 
volved in owning and operating a machine into one total figure, and 
dividing this total by the estimated life of the machine, thus giving them 
the average annual cost. It works as follows: 


Old machine 

Given: $1,000 market value 
No scrap value 
2 years of life 

$4,600 annual operating costs 
excluding depreciation 
10 % interest 


Proposed machine 

$ 10,000 installed cost 
$ 1,000 scrap value 
9 yean of life 

$ 5.700 annual operating costs excluding 
depredation 
10% interest 


Costs: 


$ 1,000 
9,200 (2 yn.) 
150 


Depredation 
Operating costs 
Interest @ 10% 


$ 9,000 
35,500 (9 yn.) 
5,400 


$10,350 

5,175 


Total Life Cost $47,700 

Average cost per year 5,500 


Interest is figured each year on the value of the equipment. For ex¬ 
ample, the old machine is worth $1,000 today and will have no scrap value 
in two years. Therefore, it depreciates at the rate of $500 per year. Thus, 
interest for the first year would be $100 on the full $1,000. For the second 
year, however, interest would be computed on only $500, the value of 
the machine at that time. In like manner, interest for the new machine 
for the first year would be computed on $10,000, for the second year on 
$9,000, and so on. 

On the basis of this analysis using the Total-Life Average method, and 
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considering 
and operate 

time. 


n o other factors, the old machine would be cheaper to own 
The new machine, therefore, should not be purchased at this 


PRESENT-WORTH 

METHOD 


oresent-worth method, sometimes called discounted cash-flow, is 
he ne used today by large companies, such as Standard Oil Company 
I) to e va * uate ma j° r P r °j ects because all costs, even future ones, are 
anslated into today's dollars thereby making comparisons easier. 

A present-worth dollar is the value today of a dollar, invested at a 
certain interest rate, a given number of years from today. This concept 
seems contradictory and can best be explained by starting with compound 

interest. 

If we have $10,000 to invest and want to know what it will be worth 
in ten years at 10 percent compound interest, we use the formula: 

S = P(\ +«)" 


Where: 

S = sum of money in the future 
i = interest rate 
n = number of years 
P = present amount of money 

Substituting in this formula, we have 

S= $10,000(1 + .10) 10 
S = $10,000 (2.594) 

S = $25,940 


Thus, $10,000 today is worth $25,940 ten years from now. Or, stating this 
otherwise, $25,940 ten years from now has a present worth of $10,000. 
By solving for P in our previous formula, we have 

P = s \—!—1 

L(i + 0"J 

which can be used to determine the present worth of any future sum of 
money. Thus, solving for the present worth of the $25,940 in our prob¬ 
lem, we have 


P = $25,940 I"-!-] 

L(1 + -10) lo J 

P = $25,940 (.3855) 

P= $10,000 • 

1 

(1 + i)» 


Actually, $9,999.87 because of rounding the 


factor. 
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The present-worth method is similar to the total life average ex cent 
that all costs are translated into present-worth dollars. One exception 
should be noted, however, and that is when two alternatives are being 
compared which provide different service periods, some method should 
be used to make certain that equal services for the two alternatives are 
being compared. 3 Thus, if machine A will last ten years and machine B 
five years, then to compare the two we must compare the present-worth 
value of obtaining ten years of service from two B machines with ten years 
of service from one A machine. 

For example, assume that a manual stamper currently valued at $1 ooo 
is expected to last two years and costs $4,000 per year to operate. An auto¬ 
matic stamper can be purchased for $3,000, will last four years, and can 
be operated at an annual cost of $3,000. Which one should we purchase? 

Inasmuch as these represent different service periods, we must consider 
two of the manual stampers against one of the automatic stampers so that 
we will be comparing identical service periods. We have no problem, of 
course, in establishing the present worth of the two machines, but our 
difficulty lies in getting the present worth of the future annual operating 
costs. To do this we must convert each of the $4,000 sums we will pay 
out next year and the following year to present-day dollars. For easier 
computation, assume that we pay these sums out at the year-end. 

By substituting in our formula, we find that the present worth of $4,000 
one year from now at 10 percent interest is: 


-*L 


1 


.(i + «)\l 

P = $4,000 (.909 
P = $3,636 


) 


Likewise, we find that the present worth of the second $4,000 payment 
two years from now is $3,306. Using this formula is obviously some¬ 
what complicated; however, to make computations simpler, we can use 
the predetermined values shown in Table 14.1 to find the values for 

^ + iy, - Using these figures, we can find the present worth of the annual 
operating costs for each of the future years for the two stampers as follows: 


Manual stamper 

Present worth of first stamper .. $ 1.000 

Present worth of operating costs for first stamper: 

First year ($4,000 X .9091) . 3.636 

Second year ($4,000 X .8264) . 3,306 

Present worth of second stamper ($1.000 X .8264) . 826 


3 Sec H. G. Thuesen and VV. Fabrycky, Engineering Economy, 3rd ed. (Englewood 
Cliffs, N. J.: Prentice-Hall, Inc.. 1964), p. 226. and H. B. Maynard (ed.), Industrial 
Engineering Handbook (New York: McGraw-Hill Book Company, 1956), p. 7-86. 
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, wor th Of operating costs for second stamper: 

ffycar%.000X.68S0) . 

Avtrag e co,. per yc» in pr^mwonl. dollar,: 

AuU Z*oX'Zf T luromaiic stamper . 

? ***. worth of operating costs: 

?t f*. ve ar ($3,000 X .9091) . 

SlLd year ($3,000 X .8264) . 

year (13.000 X.7513) . 

^ r y«r'3.000 X .6850) . 


Average c«t per year in p.esen. wor.h dollars: 

TABLE 14.1. Values of ^ at a 10% Interest Rate 


3.005 

2,732 


$14,505 

3,626 


$ 3.000 

2,727 

2.479 

2.254 

2.049 


$12,509 

3,127 


Present worth factor at 10% interest 


0.9091 

0.8204 

0.7515 

0.6830 

0.6209 

0.5645 


This analysis, therefore, indicates that we should purchase the auto¬ 
matic stamper because the average annual operating cost is less than the 
similar cost for the manual stamper. 

Using the present-worth method to compare alternatives of different 
service periods is a cumbersome job, especially if the services extend far 
into the future. However, for projects with a similar service life, such as 
two or more buildings, the present-worth method does afford a relatively 
sound basis for comparison. It is most frequently used for large projects 
involving considerable sums of money. 



THE NEW 
MAPI FORMULA 4 

The Machinery and Allied Products Institute of Washington, D. C. has 
done a lot of enlightened thinking and research on the subject of equip- 


4 Sec George Terborgh, Business Investment Management — A MAPI Study and Man¬ 
ual (Washington. D. C.: Machinery and Allied Products Institute, 1967): MAPI Replace¬ 
ment Manual (Chicago: Machinery and Allied Products Institute, 1950); and George 
Terborgh, Dynamic Equipment Policy (New York: McGraw Hill Book Company. 1919). 
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ment replacement. As a result of its studies, MAPI has developed a new 
approach to replacement analysis through the use of the new MAPI for- 
mula. The reasoning behind the formula is easy to follow. 

Almost all equipment is subject to deterioration and obsolescence i n 
varying degrees with the passage of time. Because of these, the old equip, 
ment does not operate as well as the best available new piece of equip, 
ment. And as time passes, this operating inferiority expressed in dollars 
gets larger as newer and better machines are placed on the market. This 
concept is illustrated by line A in Figure 14.1. 

If new machines were free, a manufacturer would never allow this oper¬ 
ating inferiority to get very large before he would install a new machine. 
New equipment, however, costs money and these capital costs must also 
be considered. At the time we purchase a new machine, the operating 
inferiority is at a minimum, but capital costs (line B, Figure 14.1) are at 



TIME and operating inferiority. 

a maximum. As time passes, however, capital charges decrease and oper¬ 
ating inferiority increases. Because of these adverse costs, the manager is 
placed in a dilemma. He must choose between more capital cost and less 
imperfection, on the one hand, and less capital cost and more imperfec¬ 
tion, on the other. Neither situation is good. However, when we have two 
adverse costs, such as these, the best we can do is find where the sum of 
the two adverse costs for the old machine exceeds the sum of the adverse 
costs for a new machine by such an amount as to make the purchase de¬ 
sirable and economically feasible. 

Deriving this point, however, is difficult because of the mathematics 
involved. MAPI, therefore, has developed a new approach which can be 
used to aid management in making a sound judgment as to the profita¬ 
bility of a given proposal. This approach does not give a final answer as to 
whether or not a replacement should be made, but it does yield a quick 
answer to an intricate problem. 

When we start to compare the costs of a proposed piece of equipment 
with the costs of a machine currently in use, the problem arises as to 
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we should compare only the next year's costs for the two raa- 
whether Aether we should attempt to project costs ahead by ten or more 
ch,neS ^ e can estimate next year's costs fairly accurately, but as we move 
y ears ' ears costs become more difficult to estimate, and our estima- 

*- lt ° therefore become less and less reliable. In fact, beyond about five 
uons t ^ e re |iability of our estimates drops sharply. For these reasons, most 
> ears mpa re the next year's operating costs of equipment when faced 
the problem of replacement. The MAPI method covers both ap- 
w,tn either a one-year (next year) comparison or a multiyear com- 
P r0 n o j sa y twenty, thirty, or more years. They indicate, however, that 
P an vear comparison is by far the most commonly used and that their 
°ula gives virtually the same answer as the discounted-cash-flow 
10 thod for short periods. For these reasons, their short-cut procedures 

- a on e-year comparison can be effectively used for comparing equip- 
n* costs for periods of ten years or less. If longer comparisons of twenty 

- years are necessary, their second approach can be used. Because 
°f its wide applicability, however, we will only concern ourselves with 
° he short-cut procedure involving next-year costs. 

To illustrate the MAPI approach, let us assume that a firm has the 
ption of either continuing to purchase sheet metal parts from an outside 
upplier, or buying a roll-forming machine and making the parts itself. 
Costs for the new machine installed are $27,850. Figure 14.2 illustrates 
the form suggested by MAPI. Note the increase in some operating costs 
such as labor, maintenance, and materials that the new machine would 
involve, and the decrease in other costs that the roll-forming machine 
would effect, making a net saving in operating costs of $17,280 (line 25). 
This saving, of course, has to be compared with the investment costs 
involved. The investment calculations are shown in Figure 14.3. 

Most of the calculations are self-explanatory until we get to Column D 
under item 29. This company uses the double-declining balance method 
for depreciation, therefore we use MAPI chart 2A shown in Figure 14.4, 
a chart especially developed for this method of depreciation. Charts for 
the straight-line approach as well as the sum-of-digits method are shown 
in Figures 14.5 and 14.6. Referring to chart 2A we locate the service life 
of 15 years on the horizontal axis and then go up this line to the point 
representing the salvage ratio of 15 percent (Column C, Figure 14.3). 
There is no line for this percentage, therefore go up the 15-year line to the 
value half way between the 10 and 20 percent lines. Reading this value 
from the vertical scale we get 90.3 percent, which is placed in Column E, 
under line 29. The rest of the calculations are easy to follow, and we end 
up on line 40 with an after-tax return on the investment of 37.2 percent. 

This new short-cut procedure developed by MAPI appears to offer a 
real advantage for a quick calculation of the after-tax profitability of a 
proposed investment. 
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PROJfCT NO. 


5HKT | 


MAPI SUMMARY FOAM 

(AVIMAOIMQ •HOWTCUT) 


PROJECT_ 

ALTERNATIVE 


Roll 


COMPARISON PERIOO (VRAM) 

ASSUMED OPERATING RATE Of PROJECT (houm MR v«AR) 




L OPERATING ADVANTAGE 

(NUT-YLK FOR A «-V*AR COMPARISON PIMOD.* ANNUAL AVRAAOM FOR LOHOIR PIRIODO) 


A EFFECT OF PROJECT ON REVENUE 


INCREASE 


DECREASE 


1 FROM CHANGE IN OUAUTY Of PRODUCTS 

2 FROM CHANGE IN VOLUME Of OUTPUT 
) TOTAL 



B. EFFECT ON OPERATING COSTS 


4 

8 

4 

7 

• 

4 

10 

11 

12 
I) 

14 

15 
14 
17 
II 
14 
20 
21 
22 


2 ) 

24 

28 


DIRECT LAIOR 
INDIRECT LAIOR 
FRINGE IENEFITS 
MAINTENANCE 
TOOLING 

MATERIALS AND SUPPLIES 

INSPECTION 

ASSEMBLY 

SCRAP AND REWORK 
DOWN TIME 
POWER 
FLOOR SPACE 

PROPERTY TAXES AND INSURANCE 

SUBCONTRACTING 

INVENTORY 

SAFETY 

FLEXIBILITY 

OTHER 

TOTAL 



=1 




4 

B 

4 

7 

B 

t 

10 

II 

II 

II 

14 

IB 

14 

17 


660 IB 

_ 14 


1.000 20 

x n 


C. COMBINED EFFECT 


NET INCREASE IN REVENUE (JX-1Y) 

NET DECREASE IN OPERATING COSTS (22X-22Y) 
ANNUAL OPERATING ADVANTAGE (23 + 24) 



‘Nut yt*x 
brtakJo. 


the Brit ytt of project 


pro*ct* with • bgaificam break-ia period. u» performum 


CopyriflM 1447. MaeMnary ARWd Prodoeta InrHtvS 


Figure 145. Replaccmenf analysis form suggested by MAPI. (Courtesy Machinery and 
Allied Products Institute.) 


POST AUDIT 

Equipment replacement decisions are necessarily based on estimates of 
cost and what the future will bring. Because of the pitfalls in estimating 
costs and the variabilities of forecasting the future, management should 
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■. MW5TMENT AND RETURN 

A. INITIAL INVESTMENT 


JWim 

C £!b. DISfOSAL VALUE Of ASSETS RETIRED 
|Y PROJECT • 

NET INVESTMENT (26-27) 


t 27.850 

5_3.950 _ 


l^Cc.) % 25.900 


SHEET 2 


24 


I_2JQQ_ 


2.80Q, 


am 


27 

2t 


B. TERMINAL INVESTMENT 


■ crmTTON VALUE OF PROJECT AT END OF COMPARISON PERIOO 
"ST-.T.-m .V A«V. THAT «A~»T .« . 


OR IIPINKD rOR OTHERS, ESTIMATE 


OR USE MARI CHARTS.) 



fir SfCM 

Ufa 

(r~«) 

• 

&& 

•f Ufa 

Vfa* Cot*) 

C 

MAPI 

CK.H 

NvnUr 

0 

□ 

R •*•"*! on 

V«fa» 

m 

F 



IB 

15 

2A 

903 

S 23390 


ESTIMATED FROM CHARTS (TOTAL OR COL- E) 

PLUS: OTHERWISE ESTIMATED 

W DISPOSAL VALUE OF ALTERNATIVE AT END OF PERIOO* 
i, TERMINAL NET INVESTMENT (27-10) 



C. RETURN 


,2 AVERAGE NET CAPITAL CONSUMPTION 

]) AVERAGE NET INVESTMENT 

34 REFORE-TAX RETURN (”^xl0o) 

>» 

3* 




1_ Z*'Q— 

I—2U845_ 


32 

3) 


INCREASE IN DEPRECIATION AND INTEREST DEDUCTIONS 
TAXABLE OPERATING ADVANTAGE (2S-3S) 

17 INCREASE IN INCOME TAX f34* TAX RATE) 

]| AFTER-TAX OPERATING ADVANTAGE (2S-J7) 

39 AVAILABLE FOR RETURN ON INVESTMENT (31-32) 

40 AFTER-TAX RETURN (-JJxlOo) 



34 

* 3.985 

35 

\ _ 13,295 

36 

1 MH 

17 

% 10.630 

IS 

J 8.1.20 

17 

%■ _37,2_ 

40 


AfU* unniiul Ui sd 


Copyrlqfit 17*7. M» cM -ry and Allied Products Inttitwts 


Figure 14.3. Investment calculations. (Courfcjy Machinery and Allied Products Insti¬ 
tute.) 


make a post audit of its replacement decisions one or two years after 
installation to see whether or not things developed as they were expected 
to develop. Costs should be analyzed, for example, to see where and why 
the equipment did (or did not) save the expected dollars, or why it cost 
more to install than was originally estimated. Such an audit might show 
that all costs contained a systematic bias—were either too high or too 
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Figure 14.4. MAPI chart for double-declining balance method of depredation. ( Cour¬ 
tesy Machinery and Allied Products Institute.) 
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Figure 14.5. MAPI chart to use with straight line depreciation. (Courtesy Machinery 
and Allied Products Institute.) 
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Figure 14.6. MAPI chart to be used with sum-of-digits method of depredation. (Cour 
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Once errors and tendencies, such as a bias, are brought to light, 
. can b e made so that future replacement decisions will not be 
madeon the basis of inadequate or incorrect data. 


ORGANIZATION FOR 
REPLACEMENT 


problem of analyzing equipment needs and determining when to 
1 1 ce is handled in a haphazard fashion in most companies. Very few, 
^fact have ever made a systematic survey of their equipment to deter- 
,n . which, if any, could be economically replaced. Instead, this problem 
^usually left to the judgment of the various supervisors and department 
h ads responsible for the operation of the equipment. This is poor man¬ 
agement Most supervisors are too busy with everyday production prob¬ 
lems to look into the economies of new equipment. Of course, when a 
machine is about worn out, is giving a lot of trouble, or obviously has 
been superseded technologically, supervisors then call this fact to manage¬ 
ment's attention and request the purchase of a new product. 

The job of systematically investigating the economies of new equip¬ 
ment, however, should not be this haphazardly assigned to all supervisors. 
Everybody's business is nobody's business. If management is to have an 
intelligent and comprehensive program of surveying and analyzing equip¬ 
ment possibilities, then some one individual in the company must be 
charged with the responsibility. His job, as equipment replacement spe¬ 
cialist, should be to keep a running survey of replacement opportunities 
for the plant equipment. This is not to imply that only he would originate 
requests for new equipment. To the contrary, every supervisor would 
have the same responsibility to make suggested replacements as before. 
Now, however, his request would be forwarded to this designated special¬ 
ist who would work with the originator in making up a clear analysis for 
presentation to top management. The replacement specialist, of course, 
could also originate investigations on his own. 

By thus having one man charged with this responsibility, a more co¬ 
ordinated approach to replacement would be possible. He should be 
aware, for example, of company policies, plans for the future, proposed 
expansion projects, new products, and so on—all of which would have a 
very real bearing on individual replacement problems. Also, through his 
contacts with suppliers, he should be aware of the newest alternatives 
available. 

By having an equipment replacement specialist charged with these re¬ 
sponsibilities, management would be in a better position through his 
reports to evaluate which equipment in the plant needed to be replaced 
and the order of priority which should be given it. Management would 
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know how much it was costing not to replace, as well as the probable 
economies that would result from replacing. These are important fact* 
that are necessary for an intelligent approach to equipment replacement. 
Most managements, however, do not have these facts available because 
they have not assigned the job to a replacement specialist and have not 
established the proper organizational framework for him to operate in. 
Modem management needs to give additional attention to this sphere of 
operations. 


LEASING 

Once a decision has been made to secure a new piece of equipment, the 
question often arises as to whether it should be purchased or leased. In 
recent years many firms, convinced of its soundness and practicality, have 
turned to leasing rather than purchasing new equipment. In fact, Chrysler 
Corporation along with many others entered the leasing field in 1962 
because they expected it to evolve into a significant area of vehicle mer¬ 
chandising. 5 

For a good many years the makers of machine tools have had leasing 
or rental plans available for their customers but these manufacturers 
never really pushed them. Recently, however, these same manufacturers 
have begun selling leasing as a way to "have your cake and eat it too"— 
that is, a way to have the equipment and at the same time also have the 
capital available for use that would have been invested in purchased 
equipment. Many companies agree with this reasoning. In fact, it has 
been estimated that one-half of the large U. S. corporations lease some 
equipment, with over $10 billion worth of equipment estimated to have 
been leased in 1969. Because of its growing importance, therefore, it might 
be well for us to examine more carefully this important aspect of financ¬ 
ing equipment replacement. 

Types of Leases. Leases can be classified into several types. The 
short-term lease, as its name implies, is a lease of short duration. Perhaps 
the most typical example is that involved in renting a U-drive-it automo¬ 
bile for several days. 

A lease-purchase type of lease is one where an option to purchase is 
included in the lease so that the lessee may subsequently purchase the 
equipment, applying all prior rental payments toward the purchase price. 
In this way, it is claimed, the lessee does not lose the money he has paid 
out in rent if he decides to purchase the equipment. In actuality, this 
accumulation of rent paid serves as a down payment on the equipment 
and the lease is then converted to a conditional sales contract. 


5 "Business Bulletin/' Wall Street Journal (December 27, 1962). 
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stra ieht-term lease covers a longer period of time, usually about 
The Q f the estimated life of the equipment. Over this period, the 
75 r^vments usually equal the original purchase price of the equip- 
re ”“ pKe normal carrying charges. 

A of the above leases may be of a service or finance type. The finance 
eliminates all elements of service to the equipment. Thus, the cost 
‘fP 6 repa irs, maintenance, taxes, licensing, and so on must be borne 
° f lessee and rental fees must be paid during the period of the lease 
1)7 if the equipment becomes obsolete or does not function properly. 
CVCI1 service lease, however, all repairs, maintenance, taxes, and so on are 
boirie by the lessor, the firm owning the equipment and leasing it to an- 

0t *Conditional sales contracts are in many respects like a lease. Payments 
made, usually, in equal monthly installments, and if the person buy- 
f ^ equipment fails to live up to the terms of the contract, repossession 
,D * equipment may follow. In like manner, a lessor may repossess his 
equipment if the lease contract has been broken by the lessee. 


Advantages of Leasing. Perhaps the most important aspect of leasing 
for the small business owner is the fact that he can expand his production 
facilities without increasing his financial burden. His cash position is not 
disturbed. Stating it otherwise, it enables the lessee to have and use a piece 
of equipment without paying the full purchase price on the date it is 
acquired, thereby avoiding any loans or other debt. Of course, long-term 
debt contracts usually have restrictions on further borrowing by the 
debtor. A long-term bank loan, for example, might indicate that the 
debtor cannot borrow additional funds without the bank’s approval. 
Inasmuch as leasing is not legally classified as borrowing, it is doubly 
attractive to manufacturers because they can get new equipment through 
leasing contracts without disturbing their financial positions. In addition, 
leasing may also serve as a hedge against rising costs. Inasmuch as the 
equipment is paid for as it is used, companies are paying for tomorrow’s 
use of the equipment with tomorrow’s dollars. Also, leasing is more attrac¬ 
tive with rising taxes than outright purchase because the entire cost can be 
written off or deducted as a current operating expense. 

Leasing is frequently used by the small firm because it can increase 
production capacity during peak periods without incurring long-term debt 
and return the equipment when output returns to normal. 

If the equipment required by a firm is so highly automated and com¬ 
plex that expert maintenance is necessary, then service-tvpe leases may 
well be more advantageous than outright purchase of the equipment and 
subsequently training a man to maintain it. 

Where a company possesses funds, leasing may be used because by 
avoiding large cash outlays for machines, management has more funds 
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available for. other expenditures such as research, inventory, wages, and 
the like. This advantage is not unique to leasing, however; it is equally 
true of a term loan or of a conditional sales contract. 

Another obvious advantage of leasing is that the equipment can be 
returned when it is technologically superseded or is inadequate for the 
job. Leasing thereby serves as obsolescence insurance. 

Another advantage that could be important at times is that leasing 
enables a manufacturer to try out a new piece of equipment for an ex- 
tended period of time without committing himself to its purchase. 

Finally, leasing gives the lessee a •'package” of administrative, legal, 
tax, and other expenses as part of the price of the lease. 

Disadvantages. There are, of course, some drawbacks to leasing. As 
it gains in popularity, it stands to reason that it will be recognized as a 
drain on cash and will, therefore, affect a firm’s credit position. It seems 
obvious that only a foolish lender would refuse to look at the leases a 
company is party to before extending credit. 

Some managers like the prestige of owning equipment and regard leas¬ 
ing or renting as outward signs of little business success. In such instances, 
the psychological aspects of leasing would be a disadvantage. 

Many highly technical pieces of specialized equipment are not avail- 
able on a lease basis, thus creating a disadvantage. Or in some instances 
the specific uses of equipment stipulated by the lessor limit its flexibility 
and hamper the lessee in its economic use. 

Any firm which rents or leases equipment to another firm does so for 
a profit. It is obvious, therefore, that the rental cost must cover the risks 
involved in such a transaction that would not be involved in conditional 
sales contracts. Leasing, therefore, may be more costly than owning. It is 
not unusual for interest in a leasing agreement to amount to 15 to 20 
percent. 6 Of course, if a company can borrow money cheaper than that, 
it might be better to borrow the money and purchase the equipment out¬ 
right. 

A final disadvantage is that rental money is money gone—that is, the 
lessee develops no equity in the equipment. Thus, although the cost of 
the equipment may have been paid out in rent, the company ends up 
with nothing. 

Lease versus Purchase. To lease or to purchase is management's 
choice, and before a final decision is made several factors have to be con¬ 
sidered. A typical lease is simply a device for shifting the risks of owner¬ 
ship from the lessee to the lessor. If a company owns equipment, then 


6 N. T. Harrison. "Rented Tools Can Improve Efficiency." Technical Aid 79 (Wash¬ 
ington. D. C.: Small Business Administration. March-April 1962). 
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h risk of obsolescence and deterioration. If the equipment is 
it ^quicker than is expected, then the company loses. If the manu- 

supersede ^ equipment and the company leases it, then the manu¬ 
facturer o Recognizing this, the manufacturer must set his lease 

facturer ^ to cove r this possibility on the average. Management's 

rates hig re £ ore j s to decide whether its case is above or below average 
problem* arc £ u n y such factors as probable cost of labor, future com- 
—weig ir J° iure demand, and probable rate of obsolescence. A final deci- 
^Tr leasing should only be made when management can state with 
5l ° n ertainty that it is the least costly or the most desirable means of 
f3ir rinedie use of new equipment. 

secun K ihis decis j on> however, management should be careful to 

111 The tax element in determining the feasibility of purchase versus 
figUrC For example, assume that a new machine costs $63,124 installed. 

assume that it can be leased with a 10 percent security deposit of 
tfi 312 40 and monthly rentals of $1,420.30. Estimated useful life is five 
*' with no scr ap value. The total leasing cost for the machine would 

therefore be: 


Security deposit 
Rental (5 yrs. at 
$1,420.30 per mo.) 

Total leasing cost: 


$6,312.40 

85.218.00 

$91,530.40 


If we borrow money to buy this machine, we would have to make a 10 
nt down payment of $6,312.40 and borrow the balance of $56,811.60 
to be paid back to the bank at an assumed 6 percent add-on finance rate. 
This finance rate could easily be 8 percent or 9 percent or more, but let 
us assume it is 6 percent. This means that our costs would be: 

Paid to bank $73,855.08 

Down payment 6,312.40 

Total: $80,167.48 


And this is $11,362.92 less than the total leasing cost. This would appear 
to put leasing at a disadvantage. Taxes, however, make a difference which 
we can compute as follows. 

Assuming that a straight-line depreciation is used, we find that our tax 
deductions if we purchased the equipment would be: 

Depreciation $6,312.40 

Interest on borrowed 

money 3,408.70 


Total annual deduction: 


$9,721.10 
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If we lease the equipment, our entire rent is tax deductible. Thus, for the 
next year we could deduct $17,043.60 (12 months x $1,420.30 rental per 
month). This means that if we lease, we can deduct $7,322.50 more next 
year than if we purchased the machine. Using the 50 percent corporate 
tax bracket, we would save $3,661.25 per year on taxes paid, amounting 
to $18,306.25 over the five-year life of the machine. When we compare 
this with the "extra” leasing cost computed above of $11,362.92 we can 
see that we actually save $6,943.33 ($18,306.25 — $11,362.92). Variations in 
interest and methods of computing depreciation will, of course, cause this 
answer to change and may well put the leasing offer in an unfavorable 
position. The main thing to be aware of is this "hidden” difference in 
costs between the two methods. Also, note that we have computed only 
a short term problem, and have used an add-on interest method rather 
than simple interest. Using a simple interest rate, costs would be lower, 
making leasing typically more expensive. In fact, in most cases, leasing 
does not make financial sense unless we wish to pass on the risks of obsoles¬ 
cence or unless we wish to avail ourselves of the nonfinancial and admin¬ 
istrative services that a lease provides—services such as maintenance, 
insurance protection, record keeping, engineering advice, payment of 
property taxes, and the like. 


MANAGEMENTS JOB 

/ 

The task of securing new equipment does not simply involve purchasing 
or leasing a machine. Management is actually planning for the future 
and is estimating future economic conditions. When it invests dollars 
in new equipment, management is asserting its faith in tomorrow and 
is purchasing future services and profits. In fact, management's main 
problem is to decide whether or not the estimated effects on profits are 
sufficient to warrant the required capital expenditure. This is difficult 
to analyze and no one approach will supply the answer. The procedures 
discussed in this chapter, however, do present management with a better 
grasp of some of the measurable items and provide a firmer base upon 
which to make the ultimate decision. 

No easy way exists to determine precisely whether or not a new machine 
should be bought or leased. It is not simply a task of adding values on 
a piece of paper. A great many factors other than the quantitative ones 
suggested in this chapter are also involved. The effect of new equipment 
on employee morale, for example, is a factor to be weighed. Also to be 
considered are the effects of new machines on safety, good will, product 
uniformity, and the like. 

By analyzing equipment replacement problems as suggested, however, 
management will have more information and be in a better position to 
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hether or not funds should be allocated for the equipment. This 
decide w ^ should emphasize, does not make the decision for manage- 
analy» # » however, place more facts at management’s disposal so that 
^‘intelligent decision can be made. 


STUDY QUESTIONS 


lain the major advantages and disadvantages of leasing. 

'■ f d X e P ntify and explain the use of the major types of leases. 

, * vour opinion, is it better to lease or to buy equipment? Why? 

. J,, is opportunity cost? How does this relate to interest? 

5 how is depreciation figured for the present equipment? The proposed equip- 

What is the "pay back period"? What significance does it have for manage- 

6 menVin equipment replacement? 

Why can depreciation be disregarded for the proposed equipment? Illustrate. 

7 H w docs the total-life average method for computing replacement analysis 
8 ' differ from the conventional method described? 

How does the present worth method differ from total-life average? 

10 In your own words, explain briefly the MAPI approach to equipment replace¬ 
ment analysis. 
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When we view the operating firm as a total system, we can 
easily distinguish subsystems such as the production sub¬ 
system and the sales subsystem. Along with many others, 
each of these is part of the total operating system of the firm. 
There is another system or subsystem in a firm, however, 
that is virtually a part of every other system or subsystem. 
We call this all-pervasive subsystem the human subsystem. 
In effect, the human subsystem virtually overlaps every 
major subsystem—or stating it otherwise, every major sub¬ 
system of a firm is a part of a larger human system. 

The objective of good management, of course, is to create 
an atmosphere or environment in which this human system 
will operate harmoniously in a coordinated endeavor. The 

i/7 
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way people interact with each other, the way they respond to instruction 
and communications, determines their effectiveness, their efficiency, and 
their productivity. Management, therefore, is vitally interested in the 
firm’s employees and how well they get along in their personal contacts. 
We see employees as individuals who interact with other individuals, who 
develop attitudes and feelings from these interactions, and who express 
their feelings tangibly in their work. Today, therefore, a new philosophy 
of management has developed out of the realization that employees arc 
individuals who possess basic human needs and wants which they seek 
to satisfy through their lives and their jobs. 

Of all the factors of production with which management deals, man is 
by far the most important. In fact the success of a firm is dependent on the 
human clement—its personality, desires, and ambitions. Materials and 
machines are inert factors, but man with his ability to feel, to think, to 
conceive, and to plan is by far the most valuable and at the same time the 
most difficult element to inspire, control, and motivate. 

Despite man’s importance, however, his presence as a whole person* 
alily has often been overlooked. Technically, industry has developed 
rapidly. Great feats of engineering and inventive genius make our industry 
respected throughout the world. We have built larger factories, greater 
machines, more elaborate mechanisms; we have developed far-reaching 
organizational structures. We have to a large extent spent our entire 
industrial effort on things and, with our concentration on the mechanical 
and technical aspects, we have all but forgotten that a firm is made up of 
a system of people, that an effective organization consists of people , that 
the success of an organized endeavor depends on the people involved. 

Because of its dependence on people, management’s number one job at 
present is to improve its relationship with the individuals who make up 
the working organization. This relationship between and among individ¬ 
uals is often spoken of as interpersonal relations or human relations. In 
industry we are just now developing an increasing awareness of both its 
presence and importance. 


INTERPERSONAL RELATIONS 

DEFINED 

Much confusion exists as to what interpersonal or human relations is and 
as to how it differs from personnel relations or personnel management 
Some people use the terms interchangeably. It is believed, however, that 
the following distinctions should be made. Interpersonal relations in¬ 
volves the entire spectrum of human behavior. From a management stand¬ 
point, our interest is mainly in a person’s behavior at the work place. We 
can, therefore, define interpersonal relations as that aspect of organized 
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, or which deals with developing harmonious work relation- 
hum 311 eI1 concerne d with how individuals react to stimuli and to each 
shif*- ^ d/the conditions under which individuals work, and with the 

0ther ’ of 1 individuals. 

w 30 * ast personnel management usually deals with securing and 
la con r a ’ work f orc e. The terms, of course, overlap. Some writers 
aiamtatiu g relations as one f acet Q f personnel management, 

include 1 ^ ^ such inclusions it is clear that interpersonal relations is 
jrrespeca ^ ple getting along well together. It is not directly con- 
^^dwith developing sources of employees, hiring, training, and the 
CerneC pects of personnel management. Good interpersonal relations is 
^Tntialtor the successful execution of these aspects of personnel manage¬ 
ment. 


EMPLOYING THE 
"WHOLE MAN" 

m employing and supervising people in industrial jobs, a manager must 
‘ more than "good at handling men." He must understand and reach 
.he employee's motivation and enlist the worker's cooperative endeavor. 
When a worker is hired the company has not merely employed a "me- 
hanic” or a "carpenter." They have hired a whole man, one who, among 
his other qualities and abilities, has a certain skill as a mechanic. To 
utilize him most efficiently the whole man should be effectively incor¬ 
porated into the working structure of the enterprise. 

To hire and place an employee at work in much the same way as we 
choose and use a piece of material is to invite dissatisfaction. There was 
a time when fear would have held such an employee at his work irrespec¬ 
tive of placement. This motivation by fear that once held employees to 
work has now been largely replaced in the western world. Today, a 
worker must be motivated positively. He should be made part of the 
organization and should be held actively responsible for the results of 
some actions in the enterprise which challenge him. 1 

A manager should at all times remember that he is supervising persons, 
not just workers. Nothing should be more important in his mind than 
his men, and when he thinks of his employees he should remember that 
the whole man is his concern. He is dealing with a human being whose 
emotions, purposes, feelings, attitudes, and ideals are a part of him both 
on and off the job. It is this wholeness of the individual, his inability to 
shut off outside feelings and thoughts, that is often overlooked in dealing 
with and motivating employees. 

I for a complete discussion see Peter F. Drucker, The Practice of Management (New 
York: Harper & Row. Publishers, 1954), Chapter 20. 
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THE INDIVIDUAL 
IN INDUSTRY 

Good interpersonal relations results from knowing how to work with 
groups and individuals. The individual who helps make up a firm func¬ 
tions as a member of that organization for only part of the time. He ii 
also part of his family, a member of other organizations, and a citizen of 
his community. Management should recognize that it cannot change an 
employee simply by bringing him into a plant, having him punch a dock 
and assigning him to a work place. He still has physical and mental differ* 
ences; he still has his own feelings about situations; he still has his per¬ 
sonal problems and attitudes. The environment of the factory, however 
does limit the freedom of an individual. He may be required to remain in 
one location; his actions may be paced by machines; he may be required 
to associate with other human beings. These and other limiting factors 
can produce problems which hamper the effectiveness of the individual 
in his cooperative endeavor with others. Some people adapt themselves 
more readily to industrial environment than do others, and often these 
are the employees that are most pleasant to work with. 

On the other hand some employees come to a job with a predetermined 
set of requirements that the job should fulfill. It might be an appeal to 
their desire for social status. It could be a need for "belonging’’ to a 
group. Other expectations of employees constitute differences in the way 
that they look at jobs, how they react, and their effectiveness in the posi¬ 
tion. Women, for example, usually look at jobs quite differently from men. 
For a woman a job may be a temporary expedient before marriage, or 
it may be a means by which a television set or some other luxury can 
be purchased. It is not her life's work, and others are not dependent 
upon her for support. A man, on the other hand, is the breadwinner in 
the family and is concerned for his own welfare as well as the welfare of 
his family. Because of these and other differences, men are often more 
concerned about promotions and job opportunities, whereas women may 
turn down new opportunities because they are content with their "tem¬ 
porary” job. This is especially true of young girls who are biding itheir 
time until they are married. 

Age also has an influence on individuals. Older men are frequently 
more security conscious than the younger, and as such they are often 
more interested in maintaining their position rather than in transferring 
to another. Also, older women who have passed their prime and have 
begun to realize that they will probably not marry develop a different 
set of attitudes toward their work. Their job is no longer a temporary 
expedient. Instead it takes on greater significance as a lifetime matter 
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• attitudes begin to reflect the same qualities as men's. Older mar- 
and ^ different in their attitudes from younger ones. They may 

ried w . aU sustaining force in the home, in which case their jobs are 
b e a P^ ore ^an a television set. On the other hand, they may work be- 
ojuch too . e association with other women. Income may be sec- 

cause tn e 7 CI1 J 7 

ondary- ^ above are by no means exhaustive, they should serve to 
te the variations in personalities and people, and in their require- 
*° d,C and demands from a job. Each of these individual needs plays 
mCdtS portant part in the overall coordination of humans into an effective 
*dwdWirected work force. 


INDUSTRIAL GROUPS 

cause we cannot achieve alone what we can achieve collectively, man 
most often works in groups. Industrial groups may be of a formal or 
informal nature. Formal groups are those which are set up by organiza¬ 
tion structures such as a board of directors. An informal group is one 
formed by individuals because they have a common interest. The office 
stenographers or a baseball team are examples of an informal group in a 
firm. The study of persons as individuals and as members of groups was 
begun by management because goals are achieved through individuals 
working in groups. We are, however, often thwarted in our efforts to 
achieve an objective because of the reactions and feelings of groups and 
individuals. Recognizing both individual and group associations in in¬ 
dustry, therefore, and discerning the reasons for the associations can add 
considerable insight into how to handle certain problems as they occur. 

The study of gjoups in business organizations reveals some interesting 
information. For example, John Perry, a consultant in human relations, 
has found the following to be some of the characteristics of group be¬ 
havior: 2 

1. Groups differ greatly in their "cohesiveness”—the attraction they 
have for their members. Some are loosely bound. Members drift in and 
out. The group may slowly disintegrate and vanish. Other groups are 
strong and highly effective, commanding active support of most members. 

2. When a difference of opinion arises in a group, some members may 
take extreme positions, strongly for or against. Others will be middle- 
of-the-roaders. 

3. Pressure will be put on the extremists to "conform.” Very little pres¬ 
sure is put on the middle-of-the-roaders to change their views. 

2 John Perry, Human Relations in Small Industry (Washington: Small Business 
Administration, 1954), p. 11. 
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4. In a "high-cohesive" group—one strongly attracted to its member*-, 
the pressure to conform will be much greater than in a "low-cohesive'' 
group. 

5. Furthermore, in a "high-cohesive" group, the pressure will be more 
effective. Most of the extremists will be persuaded to conform, to modify 
their views. 

6. In the "high-cohesive" groups, the extremists who refuse to conform 
are eventually rejected, cut off from the group. At first other members try 
hard to influence them. But if the influence fails to change them, they 
remain nonconformers, the others give up. They stop trying to influence 
them. The dissenters are no longer accepted as "belonging." 

7. In a group, the people who try hardest to influence others are the 
most willing to accept the opinions of others. At first thought, this may 
not seem to match our own observations of daily situations. But the vital 
point is that the principle describes the behavior of individuals in a 
group. The stronger the ties of the group, the more this principle holds 
true. 

Recognizing and understanding these and other group characteristics 
are important to management for good human relations. Some commu¬ 
nications, for example, may be more effective when given to a group as a 
whole than when given to one or two individuals in the group. This is 
true because the desire to "belong and conform” may cause the individ¬ 
uals to discredit or even reject the communicated idea if other group 
members are not aware of and have not accepted the idea. 

Management’s task is to achieve objectives through people. It should 
behoove management, therefore, to analyze employees' reactions in groups, 
and in accordance with its findings to make group associations as harmoni¬ 
ous as possible. 

INDIVIDUAL WANTS 

Every individual has essentially the same need for food, clothing, and 
shelter, and the same desire for self-respect, recognition, and self-esteem. 
As the individual gTows and develops, however, his wants vary according 
to his needs and desires of the moment. Thus, whereas the janitor may be 
striving for economic needs, the president of the company may be aiming 
to gratify his social desires. Different persons, therefore, have different 
wants and place different values and emphasis on different things. In 
general, however, the wants of the average employee will include the 
following: 

1. Fair pay. Every worker wants to receive a fair wage for his services; 
different pay scales in a plant for comparable work are certain to cause 



INTERPERSONAL RELATIONS 


323 


f ct ion and trouble. Even though the wage paid is above that of 
diss* 115 a uni workers resent others getting more money for the same 
d> c corD b | e work. Not paying employees in line with community pay 
or compa le wQrk obviously, a potential source of dissatis- 

r ates f<> r COUi r 

iilcaOT ^ tunil y f or advancement. The opportunity to move ahead on 
2 • bis vital to most employees. Many workers look for this first in 
^kin employment. Blind alley jobs often explain why some persons 
£SatUfied-^r some quit work. 

% Recognition as an individual. All employees want to be recognized 
doing a good job; they want to feel important in the eyes of their 
°How workers. Recognition can be in the form of increased pay, or a 
* rsonal “pat on the back” or word of encouragement. 

^4 lob security. All of us like to feel secure of the present and secure 
ugh to plan ahead. This is particularly true of an individual on whom 
en °^j persons are dependent for support. Many companies plan ahead 
Efficiently to foresee possible layoffs and slack periods. This information 
SU passed on to employees so that they too can make such plans as they 
d ire A few companies have some plan of guaranteed annual wage, 
and recently the automotive industry embarked on a program of supple¬ 
mental unemployment benefits. 

5 A good place to work. A safe, clean, and generally pleasant place 
in which to work can do much to make an individual happy at his job. 
Employee services such as parking facilities, cafeterias, lockers, and shower 
rooms are also important to job satisfaction. 

6. Good leadership. It is most important for a worker to have genuine 
confidence in the leadership ability of his immediate boss as well as the 
leadership ability of those charting the course of the firm. Employees want 
to work for a person who is sure, confident of his decisions, and knows his 
job. A vacillating, unsteady leader may well be unfair and is a certain 
source of employee dissatisfactions. 

7. Interesting and pleasant work. Because of individual differences, 
interesting work for one employee may be boring to another. Therefore, 
extreme care should be exercised in choosing and placing employees in 
jobs. This is not to say that bright people should not be placed on routine 
jobs. To the contrary, many an alert individual prefers routine work so 
that his mind can be active in other thoughts and plans. 


8. Acceptance by the group. The desire to be accepted and to belong 
is strong in most persons. Employees seek social approval and acceptance 
by their fellow workers and other group members. When such is not 
forthcoming morale is usually low, waste may be high, and production 
may be inefficient. 
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9. Participation. Most people want to feel that they have a part i n 
determining the course of work. A feeling of company allegiance is not 
made up solely of the eight items listed above. Instead, a person must 
have the opportunity to participate in discussions and to know in advance 
of certain actions such as contemplated shift changes. Getting this infor¬ 
mation direct and not by the grapevine or scuttlebutt makes an employee 
feel a part of the company group. 

10. Fair play. Individuals are constantly seeking treatment which, i n 
their eyes, is fair and just. Of course, what may be considered fair’ by 
one may well differ from another’s idea of fair play. It is, therefore, diffi. 
cult to determine whether or not every individual is receiving fair treat¬ 
ment. But every effort should be made to assure at least an approach in 
that direction. 

As was indicated above, not all individuals have the same wants nor do 
they place the same emphasis on various wants. Although opportunity for 
advancement may be paramount to one individual, job security may be 
most important to another. Obviously it may be very difficult to identify 
these individual wants. An employee, for example, might express dissatis¬ 
faction with his pay while his real desire is for acceptance by the shop 
employees. Recognizing these and other wants and desires can do much 
to help us understand why employees behave as they do in group effort 
or as individuals. Creating conditions favorable to the satisfying of most 
of the major desires will contribute considerably to making for a group 
of employees who get along well together and who work in an efficient 
and harmonious manner. 


MEASURING EMPLOYEE 
SATISFACTION 3 

There is np certain way of measuring employee satisfaction. No scale 
exists from which a company's "human relations status” can be deter¬ 
mined. One or a combination of the following factors, however, could 
indicate that employee satisfaction is not at a high level. 

• 

1. Productivity can be an indication of employee satisfaction, especially 
if there has been a decrease or slowdown over a relatively short period. 
Investigation may show that long-term decreases stem from other causes. 
Productivity, of course, can be measured in output per employee, output 
per man-hour, on the basis of direct labor cost, total payroll, or, if incen¬ 
tive payment is used, on the basis of piecework earnings. Comparing 
trends or specific figures with those of other companies in the industry 
may indicate a company’s relative standing. 


3 Perry, "Human Relations." pp. 25-29. 
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Grievance s represent an excellent indicator of employee satisfaction. 

2 - - n0 t so much true for the number as for the nature and type of the 
^ ces. A lai£ e number of petty grievances settled to everyone’s satis- 
gr ' C ^onby a foreman is certainly no indication of poor morale. 

3C Morale surveys by many large companies are used to get an idea of 

3 employ ees feel about their workin g conditions, supervisors, and the 
^j ora ie surveys aje most often made by outside firms who specialize 
• #his sort of work, but “packaged" surveys can be obtained that are com- 
m administered. To be most effective in determining employee satis- 
f^rion surveys should be repeated at intervals to determine trends or 
'dicate if certain previous dissatisfactions have been removed. 

10 psychologically, a morale survey is good in that it makes the employee 
feel important by asking his opinion and gives him a chance to “sound 
ff” about some particular gripe. When employees are thus questioned, 
°it is sound practice to tell them the result of the survey and if possible 
indicate what will be done about unfavorable results. 

4. Absenteeism and tardiness can be highly revealing. Persons who 
are habitually late should be checked to determine why. Any marked 
shift throughout the plant in either absences or tardiness should be re¬ 
garded as a red flag and immediate steps should be taken to determine 
the source of the unrest. 

5. Labor turnover is a direct measure of employee satisfaction. Vari¬ 
ous industries have various turnover rates. The norm or standard for 
the industry, therefore, should be used to determine a particular firm’s 
standing. As in productivity, trend is important in labor turnover. An 
upturn may indicate poor selection or poor placement; or it may result 
from inadequate training, poor supervision, and the like. 


INCREASING EMPLOYEE 
SATISFACTION 4 

Just as there are no simple ways to measure employee satisfaction, there 
are no simple means by which employee satisfaction can be increased. 
Recognizing workers’ needs and desires and attempting to satisfy them 
at least partially is an approach to the problem. It would be impossible, 
however, to satisfy completely all of the desires of all employees. In fact, 
none of us ever reaches a state of complete satisfaction. Instead, our desires 
and wants constantly precede and lead our current state of being. This 
should be recognized in attempting to satisfy employee wants. 

No one firm can be the perfect employer. It will have disadvantages 
and advantages relative to other firms, but it can take action within the 

4 Much of the material in this section was adapted from Perry, "Human Relations.” 
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framework of its manufacturing process to enhance the relative satisfac¬ 
tion of its employees. 

Communications. We previously discussed what a worker wants in a 
job and work place. Insofar as possible, these basic desires should be met. 
It is difficult, however, for large companies to promote feelings of belong, 
ing, participation, and the like. It can be done, however, through hard 
work and good communications. In fact, good communications—th e 
ability to transmit thoughts and ideas to others—may well be the most 
important single element in developing good interpersonal relations. 
Through effective communications we develop an understanding of indi- 
viduals, their needs, points of view, and reasons for their actions. Perhaps 
the most effective communications are those involving day-to-day oral 
contacts. In view of this, management must develop skill in communicat¬ 
ing with employees about incentives, pay, grievances, and the most com¬ 
mon of all, telling an employee what to do. In like manner, management 
must convey to employees what their total role in the firm is, why they 
are needed and are important, and why the success of the firm as well as 
the individual is dependent upon the effective accomplishment of some 
given task or area of endeavor. 

Good communications, however, is two-way. This means that employees 
should be provided with some system or channel to communicate up the 
line of authority about any matter. This channel of communication should 
remain open at all times. The most important channel for communica¬ 
tions to flow through is the local foreman. He is always on the spot and 
available to his men. To them he is management, and his relationship 
with them should be one that will invite their confidence and trust. This 
relationship can be developed to some extent by keeping the supervisor 
completely informed about company items so that employees’ questions 
can be answered completely. Stumbling, incomplete, or beclouded answers 
to employees' questions can well be the start of a breakdown in com¬ 
munications up the line. 

Two-way communications can also be enhanced by group meetings, 
departmental smokers, and discussion groups. Such get-togethers make 
for a pleasant, informal air that is conducive to swapping ideas between 
management and labor. Suggestion systems, though restrictive in nature, 
also present a type of channel for two-way communication. 

These techniques of communication are useless, however, unless em¬ 
ployees have faith and confidence in management. This trust is built up 
through the years by management’s actions. Evasions, half-truths, and 
misrepresentations on management’s behalf do not make for trust and 
confidence. Holding back information; propaganda rather than factual 
information; and delayed, evasive answers to employees’ questions or 
suggestions may serve to destroy employee confidence. 
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L Management. In most companies a well-organized pro- 

* >er5 £ ersonnel management can do much to create employee satisfac- 
graffl °d promote good interpersonal relations. Such a program would be 
don an P concerned with communications—telling the employees 
° nC company, its services, and its benefits. For example, complete 
ab ° Ut bout wages should be given to each employee, including how wages 
****** termined, what deductions will be made and why, and how and 
ar * ^rages may change. In addition to wages, there are many areas about 
whkh employees should be kept informed. Among them arc: * 

Incentives and profit sharing. If incentives and profit sharing plans 
in existence, employees should be told about each plan, how it works, 
Sr'fc affects them, and what they can expect. 

9 Promotion and training. Possible avenues of promotion should be 
• Seated to all employees. In addition, the course of employment for 
those who are qualified should be indicated to each employee. 

3 promotion from within. If this is company policy, it should be ex- 
lained to the employee and exceptions should be explained to those who 
were apparently qualified for a promotion. 

4 . Collective bargaining. The company should clearly indicate its pol¬ 
icy of bargaining, and both employees and management should be com¬ 
pletely informed about agreements, obligations, and rights under union 

contracts. 

5. Hospital benefits and group insurance. If hospital benefits and 
group insurance are available in the company, their availability, effect 
on employees, cost, and the like should be made known. 

6 . Unemployment benefits. State laws, of course, provide unemploy¬ 
ment benefits. Some employers, however, pay a dismissal wage and some 
even pay a supplemental unemployment benefit. These should be indi¬ 
cated. 

7 . Job security. Insofar as possible complete information should be 
made available as to job stability, probability of year-round employment, 


etc. 

8 . Vacation. Information on vacations, paid vacations, length, and time 
of year should be clearly understood. 

9. Safety and health. Safety, health, and sanitation programs should be 
organized and explained to employees. Safe practices should be enforced 
in the plant and plant hazards eliminated insofar as possible. 

10. First aid and medical care. New employees, of course, should re¬ 
ceive physical examinations. Foremen should be instructed to send any 


6 John Perry, "Human Relations,” pp. 21-23. 
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employee to the clinic for any injury no matter how slight. The “whY” 
of these procedures often needs explaining. y 

11. Suggestion plan. If a suggestion plan is in effect this should be 
thoroughly explained to the employees; they should be invited to submit 
suggestions about their work or improvements. 

12. Waste control. An effective waste control plan is one where the 
employees share in the cash savings from waste reduction. This is a matter 
affecting their pay and therefore requires full explanation. 

13. Housing. In many companies employees are aided in locating and 
securing housing. If prospective employees know this, it may influence 
their decision to accept employment. 

14. Counseling. Some companies provide trained counselors for em¬ 
ployees to help them with their personal problems. The availability of 
such confidential counseling should be indicated. 

15. Credit unions. Some companies have credit unions where employees 
can borrow at very low interest rates. The plan and how to use it should 
be fully explained. 

16. Parking. Information should be made handy about available park¬ 
ing spaces and where employees should park. 

17. Locker rooms. Clean, ample locker space should be provided for 
employees to change from work clothes to street clothes. Some companies 
furnish showers. 

18. Cafeterias, snack bars, and the like. Rules governing their use and 
patronage should be established and well known. 

19. Financial report. Annual, semiannual, or quarterly reports about 
the financial condition of the company and its earnings should be fur¬ 
nished to all employees. 

20. Foremen's bulletins. Daily bulletins keep foremen up to date on 
production outlook, labor relations, and the like. This news should be 
passed on to their men. 

21. Letters. Periodic letters can be sent by the company to its employees 
or their wives indicating company progress or company policy in certain 
matters. 

22. Junior boards. Many companies have counsels or groups made up 
of employees. These groups or boards should be thoroughly explained 
and their workings and working methods clearly set forth to the em¬ 
ployees. 

23. Sports and social events. Many companies maintain active teams 
and offer prizes for contests. Fishing contests, dances, picnics, bridge 
leagues, chess teams, etc., should be given wide publicity. 
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list is far from complete but is indicative of the areas about which 
1 vees should be kept informed. Inasmuch as these and similar items 
^^important, workers s ^ ou ^ told about them frequently. 

unseung. In a very small company the manager knows each per- 
talks with him, gives him advice, and might even help him get a loan 
^"finance his home. In larger organizations the situation is different. 
Jf? makes it impossible for the manager to know each employee and his 
*oblems. Employing the principle of specialization, the plant manager 
^ften hires an individual whose specific duty is that of counselor to his 
° lovees. The employee counselor, in the privacy of his office, talks 
over any type of personal problem with employees. Such problems run 
the gamut from marital difficulties to minor troubles in the shop. Irre- 
^ve of the problem, the counselor, like the priest, keeps the employees’ 
confidence inviolate. Some companies are employing persons with theo¬ 
logical training to fill such positions, often calling them industrial chap- 

^'a good personnel counselor can do much to increase an employee’s 
feeling of security by letting him know that there is always someone to 
whom he can turn in time of trouble. Obviously, counseling presents an 
excellent means for correcting injustices and inequities. In addition to 
these, counseling serves as a means of letting off steam. Often the mere 
act of talking over a problem with another party helps to get it out of 
one's system. As a result of these contacts, the trained counselor should be 
in an excellent position to judge the state of the company’s human rela¬ 
tions and to discern trends in employee feelings. And, perhaps, one of the 
more valuable services is for the counselor, through his aid, to keep well- 
trained employees in the company’s service. 


Committees and Meetings. Many companies hold various types of 
meetings and place employees on committees in order to bring the em¬ 
ployee into the fold of participation and belonging. McCormick 8c 
Company’s multiple management with several boards or committees is 
often cited as an example. In addition to these formal committee meet¬ 
ings, many companies hold informal group meetings. Such meetings may 
be called in the shop to discuss a problem or serve as a means of relaying 
information. These meetings need not be formal, but should be organized 
and led by competent individuals. After-work smokers and general gripe 
sessions are held by some companies to sound out employees’ feelings and 
to get their ideas about how certain problems should be solved. These 
may not be too satisfactory in some cases because employees may be 
reluctant to speak freely to their supervisors. The history of employee- 
employer relations determines to a great extent the feasibility of using 
such techniques as meetings and committee appointments. 
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EFFECTS OF GOOD 
HUMAN RELATIONS 

The advantages that will accrue from good human relations are many. 
They are, however, difficult to measure and in many instances are of a 
preventive rather than a remedial nature. Difficult problems of coordi¬ 
nation and unharmonious work are avoided rather than patched up. The 
development of a conscious study of individuals among the management 
staff will do much to make for introspective analysis and, therefore, better 
supervision should result. Such studies also point up the necessity for 
dealing with the whole man—not just the hired hand. Labor turnover, 
absenteeism, tardiness, and the like may well be reduced by good human 
relations. And the big plus in good human relations is in the develop- 
ment of individuals. People are coordinated in their endeavors in a work- 
able and harmonious relationship that provides for far more employee 
satisfaction, as well as increased productivity, reduced waste, and im- 
proved product quality. 


STUDY QUESTIONS 

1. What part does good communications play in developing good interpersonal 
relations? Explain your answer by illustrations. 

2. Define interpersonal relations. How docs it differ from personnel manage 
ment? 

3. What is meant by employing the whole man? 

4. Is the individual in industry different from the individual in any other orga- 
nization? Why? 

5. What influence do sex, age, and marriage have on a worker's stability and 
interest in his work? Explain. 

6 . Is high pay the most important factor in the scale of employee wants? If not, 
which factor is most important? What significance is this to management? 

7. Can employee satisfactions be quantitatively measured? What indexes can be 
used to indicate whether or not a work force is satisfied? Explain. 

8 . How are group relations of importance to management? 

9. Explain how the human system is a separate subsystem of a firm and- at the 
same time is a part of other subsystems. 

10. Can the effects of good interpersonal relations be measured? If not, how do 
we know that good employee relations is worth striving for? 
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MANAGEMENT 

O F 

PERSONNEL 



Very few managers would dispute the fact that they could 
do a better job in selecting, training, and retaining per¬ 
sonnel. Nor would they dispute the fact that they should 
devote more and greater effort to understanding their em¬ 
ployees. What they are saying, in effect, is that they should 
give more attention to understanding and operating the 
personnel subsystem in their firms. 

Things —such as buildings, machines, and materials—can 
be purchased and used according to one’s dictates; but most 
managers will indicate that the people part of an enterprise 
is the most elusive and most difficult subsystem to organize 
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A manage. An enterprise—a going concern—is people: dollars are bor- 
30(1 d by people, goods and services are produced by people, items are 
r0 * e by people, and profits are made by people. Obviously, then, organiza- 
so1 cannot exist without individuals, and the quality and effectiveness 
Tihe organization is dependent upon the people who make it up. And 
°h e statements hold true for any size or type of firm. Given these facts, 
h n it would seem Clear ^ lhC mana 8 ement of personnel is of prime 
^"ortance to every leader and to any type of endeavor. And it is. 

1 In every business operation, the management of personnel—or per- 
nnel management as it is often called—is present to some degree. In 
H businesses the personnel function is often carried on by the owner. 
He hires, promotes, and discharges individuals in accordance with their 
capacities and his needs. He may also plan for and train his work force 
—in fact perform all the functions normally associated with the area of 
personnel. In larger and more complex firms, however, the owner seldom 
ha* time to attend to all of the personnel functions, as well as look after 
the other aspects of his business. The personnel function in these larger 
firms, therefore, is often given a separate organizational status through 
the creation of a personnel section. This section is charged with the re¬ 
sponsibility for securing and maintaining an adequate, healthy work 

force. 


PERSONNEL 

FUNCTIONS 

The work of the personnel section deals specifically with procuring, 
hiring, training, placing, utilizing, and maintaining an effective work 
force that will aid in the accomplishment of the firm’s objectives. This 
does not mean to imply that other members of the management team do 
not have a part in the management and development of personnel. To 
the contrary, theirs is the real responsibility. The duties of the personnel 
section, as a staff organization, are more of an advisory, service, or coordi¬ 
nate nature. The personnel department, therefore, facilitates the har¬ 
monious operation of the plant by aiding in the management of the 
persons employed by the company. 

Carrying out the personnel functions in a large organization is not the 
sole responsibility of the personnel department. To the contrary, the 
responsibility for good personnel administration rests on every supervisor 
and manager in a plant’s work force. Personnel management is not a one- 
man responsibility nor can it ever be achieved by one individual. It is a 
corporate, cooperative endeavor that should stem from a common feeling 
and concept and should progress in a unified coordinated manner. 
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PLACE OF PERSONNEL 
MANAGEMENT IN THE 
ORGANIZATION 

The personnel function is essentially a service function in nature. It 
aids in the execution of or performs personnel services for the entire 
organization structure. Viewed from the overall picture of the firm, the 
personnel department would be considered a staff organization. Its efforts 
do not directly affect the product and it is not considered one of the three 
organic functions of industry. Though the personnel department is a 
staff organization, it obviously can be organized on a line basis within the 
department. In fact, it usually is. 

In the industrial hierarchy the personnel department is found on all 
levels. The larger and more complex organizations often have a vice- 
president or other top officer in charge of the function, with his lieutenants 
or staff men down the scale in the organization operating at various levels 
(see Figure 16.1). With such an organization structure, maximum service 
can be rendered to the various plants and divisions while still maintaining 
a coordinated unified approach through the centralized control exerted by 
the top personnel officers. 

In smaller plants with less complex organization structures the per¬ 
sonnel department often consists of only one unit and is usually respon¬ 
sible to the plant superintendent. Generally it is on the same level as 
engineering, maintenance, and similar staff departments. This type of 
organization is illustrated by Figure 16.2. 


NEED FOR PERSONNEL 
POLICIES 

Due to the all-pervasive nature of personnel management, a group of 
sound personnel policies should be adopted. A personnel policy is simply 
a directive, usually written, which aids the personnel department in ac¬ 
complishing its functions. The subject matter of personnel policies is as 
varied as the practices of the personnel department. Indicative of this 
variety are the following topics frequently found in the published per¬ 
sonnel policies of many firms: 

y 

1. Hiring employees. 

2. Absences. 

3. Physical examinations. 

4. Conditions of employment. 

5. Dismissals. 



NT 



16.1. Personnel organization structure used by a large, multiplant firm. 
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Figure 16.2. In small companies the personnel function is frequently organiied as 
shown here, with an employment manager reporting to the production manager. 


6. Safety practices. 

7. Suggestion system. 

8. Grievances. 

9. Educational development. 

10. Promotions and transfers. 

11. Financial aid. 

12. Separation. 

The responsibility for the formulation of sound personnel policies rests 
directly with the top executives of the company. With the personnel 
function touching every facet of the plant, the need for a unified approach 
in all departments on matters concerning the individual is imperative. 
Not only should personnel policies make for a harmonious coordinated 
approach to accomplishing the functions of personnel, they also should be 
formulated with the overall activities of the company in mind. Personnel 
policies are a part of the overall operating business policies of a plant and 
as such should be coordinated within the framework of total or plant¬ 
wide objectives and goals. 

And again we should emphasize that this holds true regardless of the 
type of organization. Social, civic, and religious organizations, along with 
public institutions and business organizations, have need of sound per¬ 
sonnel policies. 
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MAJOR DUTIES 
OF THE PERSONNEL 
SECTION 


As previously indicated, the job of the personnel department varies with 
the size, type, and complexity of an organization as well as the emphasis 
placed on the personnel aspect. By and large, however, the primary duty 
of the personnel section is to maintain an adequate working force. To do 
so, the personnel department must: 


1. Estimate the labor requirements. 

2. Establish job specifications. 

3. Determine labor sources and recruit employees. 

4. Select and place employees. 

5. Develop educational and training programs. 

6. Coordinate promotions and transfers. 

7. Conduct separation procedures. 

8. Maintain records necessary for all of the above. 


Obviously this list is lacking in many aspects. It represents, however, 
the essentials required for the satisfactory performance of the personnel 
function. Each will be briefly discussed. 


ESTIMATE LABOR 
REQUIREMENTS 

Many companies so completely ignore this function that little or no 
advance planning is done to meet future labor requirements. Instead a 
person is hired when an employee quits or is fired. In old well-established 
companies which operate on a fairly regular basis, this procedure might 
be effective. In general, however, such practices usually prove to be un¬ 
economical. Not only can the speed required in such replacements make 
for poor selection, it can also severely limit the field of choice. Such prac¬ 
tices, therefore, should be discouraged. 

In a dynamic economy where business grows and fluctuates, the esti¬ 
mating and planning for future labor requirements is essential for effective 
plant operation. This forecasting is much easier said than done, how¬ 
ever. Cyclical fluctuations and spasmodic business growth are difficult to 
foresee, and labor forecasts made for such periods are usually in error. 
Irrespective of the direction or the amount of this error, however, any 
rational plan is better than a haphazard, planless approach. With a plan 
of employment developed, minor and necessary changes in the plan can 
be made while the economic conditions are changing. Thus, when ex- 
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tremes in business are reached, the personnel department will not find 
itself in an awkward or untenable position. It may be well to note that 
this same philosophy of planning holds for other departments also. 

Recognizing the need for a labor estimate, the best place to start de¬ 
veloping a forecast of labor requirements is w*h the forecast of sales. 
Sales forecasts or sales budgets are made around products and the depth 
of projection of the forecasts into the future quite often depends on the 
manufacturing cycle. Thus, items that require eighteen months to build 
must have sales forecasts at least eighteen to twenty-four months in ad- 
vance. Many companies have a specific portion of the sales forecast fixed 
or frozen for an immediate period. Sales of specified quantities during 
this fixed period are almost positive. Beyond this period, the forecast may 
extend for periods varying up to five or more years. Usually the farther 
the estimate is in advance, the greater the error. 

On the basis of the sales forecast, a schedule of production for various 
products is developed. This production schedule covers relatively the 
same period of time as the sales forecast, but often leads or is in advance 
of the sales forecast by the required manufacturing cycle time. The frozen 
or fixed portion of the production schedule is based on the frozen or fixed 
portion of the sales forecast. Likewise, a variable production schedule is 
set up based on the estimated future sales beyond the fixed portion of the 
sales forecast. Once completed, the production schedule indicates the 
quantity of products that will be produced each day. week, or other 
period of time. 

With this production schedule established for the various products, 
productive output for different departments or manufacturing areas can 
be determined. Once this output for the various departments has been 
ascertained, determining the labor requirements by jobs to meet the manu¬ 
facturing schedules is relatively easy. Thus, by moving from the sales 
forecast to the manufacturing schedule, the personnel section can estimate 
the number of workers needed during future periods of “time. A chart 
showing labor requirements by products is illustrated in Figure 16.3. We 
can see from it. for example, that by the middle of 1972 this firm will 
require a total of 40,000 man-hours per week, or approximately 1,000 
employees. The manufacturing processes required for the various prod- 
ucts would indicate the types of skills the employees would need, thus 
indicating the composition of the work force required. Product D, for 
example, might be low on hand assembly work and high on drill press 
operations, indicating an increased need for drill press operators. 

A determination of employee skills can be made from the engineering 
analysis of the products to be made and can be converted to employee 
requirements on the basis of skills required and the number of products 
to be produced. This gives us skills and numbers but does not tell us 
precisely what qualifications a man should have to be hired as, for in¬ 
stance, a welder. This is a function of job specifications. 



MANAGEMENT OF PERSONNEL 


339 



YEARS 


Figure 16.3. Chari developed from salet forecast showing man hours of labor required 
each month by products. 


JOB SPECIFICATIONS 

After the labor estimate has been made showing the number of workers 
required, the problem must be solved of determining what qualifications 
or abilities are needed by the individuals who will fill the jobs. For small 
companies, determining labor qualifications is seldom a major problem 
because the employment manager is usually familiar with the work in 
each department, the supervisor in charge, and the operating require¬ 
ments. In more complex organizations, however, it is impossible for the 
employment manager to keep abreast of all the processing developments 
and skills required in the many departments and operating branches. He 
needs, therefore, some sort of written specifications showing what specific 
jobs will consist of and what abilities the supervisors will want in 'the 
persons to be hired. These needs are met by a set of job specifications. 
The personnel department is charged with the responsibility for making 
these job specifications. 

A job specification or, as it is sometimes called, a man specification, is 
a written record of what is required in the way of an individual to fill a 
specific job. Such factors as knowledge, experience, skills, abilities, apti¬ 
tudes, verbal or written expression, initiative, physical stamina, and lead¬ 
ership may be found in job specifications. Job specifications should be 
short and specific, and should indicate the minimum requirements for the 
job. Seldom does a person exactly fit the job specification. Except for 
certain technical capacities, this is usually not of serious consequence 
because business is dynamic and more often than not the requirements 
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and demands of the job blend and grow as the company and economic 
conditions change. Using job specifications, the qualification of the labor 
needed can be determined. In addition, job specifications may serve as a 
basis for informing the applicant about the job. as well as serve in train- 
ferring and promoting employees. This aspect will be discussed later. 


DETERMINING LABOR 
SOURCES AND RECRUITING 

employees 

After determining the type and number of employees needed, the next 
problem facing the personnel organization is to find and recruit such per- 
sons. Many companies feel that the best practice is to fill jobs from within 
the organization if possible. They feel that "inside’' employees already 
know the company and its policies, and presumably have proved their 
ability and loyalty. Filling vacancies and promoting from within are also 
positive morale builders. Often, one vacancy filled from within results 
in up-grading several employees and hiring an unskilled person to fill the 
opening left at the bottom. Job specifications aid considerably in making 
these transfers and filling vacancies from within a company. 

Another excellent source of workers is former employees, if their pre¬ 
vious service records are good. In general, former employees possess the 
same favorable characteristics as those workers currently employed. They 
have been indoctrinated in company policy, know the company's operating 
procedures, will require little training, and the chances are greater that 
they will stay with the company longer than a new outsider. 

Other sources of labor supply include: 

1. Public and private employment agencies. 

2. Recommendations of friends by good employees. 

3. Newspaper and other advertisements. 

4. Direct applicants—at the gate or by mail. 

5. Unions. 

6. Trade associations. 

7. High schools and trade schools. 

8. Universities and colleges. 

In scarce labor markets the above as well as other sources of labor must 
be developed by the personnel department. For example, handicapped 
workers are often a good source of employees, especially where the jobs 
have been methods studied for operation by a handicapped person. 

To help recruit and secure labor, some companies offer extra services 
to prospective employees. For example, a Burlington, North Carolina, 
plant operated a bus for a radius of approximately 25 miles to carry em- 
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to and from work. Some companies offer to find housing for 
P pective employees, while other companies even underwrite housing 
PF dects as a means of providing employee housing. 

PF Determining which men to employ and on what jobs they should be 
laced are among the most difficult decisions a manager faces. The im- 
P rtance of this area of personnel management is emphasized even more 
mphatically when we recognize that labor scarcity and low unemploy¬ 
ment ratios have virtually eliminated the old standby of trying a man out 
on the job for ninety or more days before making him a permanent em- 
loyee. In addition, union contracts have made it increasingly difficult 
P Replace an unsatisfactory employee. 

In an effort to minimize selection and placement problems, personnel 
managers rely most heavily today on data from application blanks, infor¬ 
mation gathered from interviews, test results, reports given by references, 
and physical examinations. Let us review each procedure, briefly indicat¬ 
ing its nature and uses. 


SELECTING AND PLACING 
EMPLOYEES 

Application Blank. When the personnel section receives a request 
from a department for an employee, the selection and placement ma¬ 
chinery is put into operation. Probably the most universal mechanism 
used to screen and select applicants is the application blank. The applica¬ 
tion blank should include all pertinent data having a real need in the 
placement procedure. It should not, as many do, consist of a series of 
involved and personal questions. The blank should be simple and serve 
to identify the employee, indicate his address, his physical characteristics, 
his education and experience, necessary personal information, and refer¬ 
ences if required. Application blanks should be used to determine whether 
a person will be eliminated from further consideration because of some 
major reason such as education or skill but should not be used to deter¬ 
mine whether or not a person will be hired. 

Interviewing. The employment interview is next in the selection 
procedure. It is here that both the prospective employee and the inter¬ 
viewer have the best chance to learn of the opportunities and job pos¬ 
sibilities that exist. The interviewer is a very important step for the per¬ 
sonnel section because this is where its effectiveness in either selecting or 
rejecting the prospective employee is determined. Though no stereotyped 
method for interviewing can be used, interviews in general can be con¬ 
ducted on a planned, a patterned, or a nondirected plane. A planned 
interview is one that follows a definite plan of action. A patterned inter- 
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view is like a planned interview except that it is preplanned much more 
exactly and to a higher degree. A nondirectcd interview, as its name im¬ 
plies. is not directed by the personnel interviewer. Instead, the candidate 
talks about what he chooses. Each of these forms of interview has a place, 
depending on the level and type of employee being hired. In each case the 
interviewer often jots down notes on the application blank relative t 0 
the employee. Where time is at a premium, the nondirected interview is 
seldom used. 

Tests. Some industrial work calls for special tests of proficiency or 
skill. Although such tests are extensively used by the armed forces, in¬ 
dustry has not as yet wholeheartedly adopted their use in placement pro¬ 
cedures. Some few tests, however, are used with fair assurance. Although 
most people tend to think that tests indicate how well a person will do 
on a job, this is usually not true. The greatest value of a test lies in being 
able to indicate a level of ability below which a person will not, in all 
probability, be able to perform a task with reasonable success. Tests do 
not indicate positively that a person will not be able to do a job. They do, 
however, indicate that in a majority of the cases persons possessing certain 
attributes (or falling below certain norms) will not successfully perform 
a specific job. In turning down applicants below this norm, it should be 
realized that both qualified and unqualified applicants will be rejected; 
however, in a well-developed and validated test, the percentage of rejected 
applicants who are qualified should be less than the percentage of ac¬ 
cepted applicants who have not been tested and are not qualified. 

Tests may be used to indicate mental ability or the ability to under¬ 
stand and use ideas; to measure mechanical aptitudes and mental and 
physical coordinative ability; and some tests may be used to indicate 
occupational preferences and interests. 

References. References of friends and acquaintances are considered 
of little value in selection and placement by many companies. Instead, a 
large number of personnel managers indicate that they prefer to contact 
the former employers of the applicant. Usually a person will not list an 
individual as a reference if he thinks an unfavorable report will be given. 
Most people can find three persons (the usual number) who will give a 
favorable reference. One company, realizing this, requests ten references 
be listed. They feel that if a person can find ten persons who are not 
related that will vouch for him, the prospective employee must be worth 
investigating. From these ten references, this company spot-checks a few 
and, depending on the replies, may contact the balance. 

Physical Examinations. It is just as important for a person to be 
physically qualified for a job as to be mentally qualified. This fact is 
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• usiy significant when the work involved makes heavy physical de- 
obV1 , nfh e US e of physical examinations is quite extensive in industry. 
Th are used for three primary reasons: (1) to determine if the applicant 
1 any major defect wich will cause him to be rejected, such as heart 
^uble or tuberculosis; (2) to determine if the applicant has the general 
• | characteristics required for the job; and (3) to determine the 
^xact state of health of the applicant. This third reason is important 
from the standpoint of legal actions involving a loss of health presumably 
urring while in the employ of the company and resulting from the job 
other working conditions. Physical examinations may be performed 
the company doctor or by a local physician. Some companies make 
the physical examination a prerequisite for hiring; others hire on the con¬ 
dition that the physical examination will be passed when it is adminis¬ 
tered several days later. 


INTRODUCTION 
TO THE JOB 

This introduction is a very important step. Once a person is on the pay¬ 
roll the responsibility of the personnel section should not end—though 
in many companies it does. Instead, a worker should be thoroughly intro¬ 
duced to the company and his job. Such an introduction may cover the 
company history, the product manufactured and how it is made, employee 
benefits and activities, the organization structure of the company and how 
the employee fits into it, company rules and regulations, and the specific 
responsibilities and duties involved in the job. A haphazard, ineffective 
introduction of the new worker to his job, his boss, his work place, and 
his work facilities is both wasteful and inexcusable. A good deal of money 
has been spent up to this point of placement in locating and hiring this 
individual, and although first job impressions may not be lasting ones, 
they can do much to make an employee enthusiastic in his approach to 
learning his new work, as well as serve to condition him for future reac¬ 
tions. Employees are human beings and like to be treated as individuals 
who are important to the company and to the department in which they 
will work. Job introductions serve as excellent starting points for com¬ 
panies to sell themselves and engender confidence in new employees. 
Good manpower management for the personnel organization, therefore, 
does not stop until the worker is well situated in his job. 

In some companies this function of job introduction is performed not 
by the personnel department but by the supervisor under whom the em¬ 
ployee will work. In such cases, care should be exercised to make sure 
that the supervisor follows through and follows up on every aspect of job 
introduction. 
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TRAINING 
AND EDUCATION 

One of the functions of personnel management was listed as maintaining 
an adequate work force. Educating and training employees aids in accom¬ 
plishing this function. The need for education is an outgrowth of an 
employee’s attempt to improve himself, thereby providing for a possible 
further increase in job responsibility. In addition to general education, 
however, training for specific jobs is often required. This need for train¬ 
ing to perform certain jobs develops from such causes as promotion, 
death, accident, and normal labor turnover. In both general education 
and specific training, the responsibility for the activities falls to the per- 
sonnel section. 

The most common method used by industry to train individuals is on- 
the-job training. Using this type of training, the employee is placed on 
a new job and is instructed as to how it should be performed. As he de¬ 
velops proficiency in performing the task, the instruction decreases. Em¬ 
ployees may be coached and instructed on new work by skilled workers, 
by the supervisor, or by a special training instructor. The first two are 
more often found in use. 

More formal approaches to the training problem are also made by 
some companies through the development of company training schools. 
Here, workers are trained in a room separate and apart from the operating 
shop but use equipment and machines identical to those in the shop. This 
method has several advantages: (1) being so isolated, distractions are 
minimized; (2) a trained instructor who knows how to teach can be more 
effectively utilized; and (3) the correct method is taught without interrupt¬ 
ing production. 

For training in crafts, trades, and technical areas, apprenticeship train¬ 
ing is the oldest and most commonly used, especially where proficiency 
requires a relatively long training period. This form of training has been 
pushed to the forefront considerably with governmental approval of ap¬ 
prenticeship courses for financial allowances under the GI Bill of Rights 
and the Vocational Rehabilitation Program. 

In addition to specific job training, many companies are helping to fit 
the employee for larger responsibilities by training him in broader, more 
general areas. One large oil company, for example, offered a course to its 
employees covering general economics and an explanation of how the 
economy operates. Other companies offer courses of instruction in letter 
writing, stenography, mathematics, blueprint reading, drafting, selling, 
speech, and the like. Such courses usually are aimed at making the em¬ 
ployee a better rounded individual and a happier worker, as well as help 
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train him for larger responsibilities and promotions. When facilities 
ing l ° . community, many companies pay for employees to 

-are avanaoic _ ___ j . 


arC night courses offered by local schools and colleges. 
alt ^ n imr and general education of this nature exert a d< 

Training o _ __« _ 


definite influence 


oduction and labor. From a productive standpoint, output may be 
° 11 ^ased with decreases in scrap and costs of production. Laborwise, 
lticx€ morale increases, and turnover, absenteeism, accidents, and the 
Clll ^are reduced. Educational activities are expensive but their worth to a 
growing concern is well recognized. 


COORDINATING PROMOTIONS 
AND TRANSFERS 


The organization structure of the company is developed to help achieve 
the company’s objectives, and placing the proper person in the right job 
creates a working arrangement that will most nearly insure the success of 
the firm Although the personnel department does not have the sole re* 
nonsibility for arranging transfers and placement, it does have the respon¬ 
sibility of coordinating job openings with possible individual transfers. As 
Las previously indicated, one of the best sources of employees is within 
the company. In small companies employees can be transferred and 
hanged between departments with relative ease, because vacancies are 
generally known and transfers can be arranged. In large organizations, 
however, their very size often makes informal communication about such 
job opportunities impossible or impractical. When job openings develop 
in such plants, the personnel section has the responsibility of making 
known the openings and determining all persons qualified for the jobs. 
Once a qualified individual has been chosen, the transfers and promotions 
that may result from his move must be coordinated so as to provide for 
minimum disruption and smooth plant operation. 

Promotions and transfers can do much for the morale of employees. 
Even if the new job is on the same pay level as the old job. employees 
often count it a promotion to change shifts or move from a hot unde¬ 
sirable location to one more generally desired. Such moves in large plants 
can most effectively be planned for and coordinated by the personnel sec¬ 


tion. 


CONDUCTING SEPARATION 
PROCEDURES 

Employees may leave the company for voluntary or involuntary reasons. 
Whatever the case, it is important that an accurate record be kept of the 
circumstances under which the separation occurred. The most logical 
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location for an unbiased determination of why separation takes place is i n 
the personnel section. Here a disinterested third party can conduct a 
separation interview under circumstances that will elicit the cooperation 
and confidence of the employee. If involuntary separation is involved 
this procedure gives the employee a chance to vent his feelings before leav¬ 
ing and offers a splendid opportunity for the company to correct misun¬ 
derstandings as well as help smooth over an unfortunate circumstance 
Even minor considerations, such as assuring the employee that he will be 
notified if suitable openings develop elsewhere in the company, are im¬ 
portant and should be mentioned if true. 

Separation interviews also have the added advantage of precluding un¬ 
fortunate and unfair discharges. At times, severe disciplinary action is 
taken in the heat of discussion that is neither just nor called for. The 
cooling off period effected by the separation procedure and the separation 
interview can do much to help uncover such cases and their causes. Placat¬ 
ing the individuals concerned or finding ways and means to save face for 
both through departmental transfers can do much to boost morale and 
create a healthy appreciation for the personnel department. 

From a legal standpoint, conducting a separation interview is impera¬ 
tive. Employees leaving a company may institute union proceedings to be 
reinstated with back pay. In such cases, an accurate and factual record of 
the separation may be invaluable before a mediator or the NLRB. 


RECORDS 

The big clerical job of personnel is keeping records. Complete and ac¬ 
curate records must be maintained on all employee promotions, transfers, 
merit increases, educational advances, grievances, and so on. In union 
cases, complete personnel records are often essential to determine what 
action under the terms of the contract should be taken. Reinstating, 
rehiring, and transferring employees between plants also requires a com¬ 
plete recorded history of the employee’s actions at the prior plant. Good 
performances as well as disciplinary action noted in the records can be 
of real benefit in proper placement and treatment of the employee. Ap¬ 
plication blanks for all interviewees, even those rejected, should be kept 
by personnel. Persons not hired may find why they were turned down and 
return in six or eight months to try again and not indicate their previous 
application. A check of old applications will bring such cases to light. 

In addition to the above data, records of labor turnover, number of 
applications processed, level of pay, absenteeism, and the like are often 
kept by personnel. 

This is by no means an exhaustive list, but it does serve to show the 
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area of record keeping in which personnel is most concerned, and indi¬ 
cates the types of records and the importance of the record-keeping func- 
tion by the personnel section. 


NEW HORIZONS 
FOR PERSONNEL 
MANAGEMENT 1 

Up to this point we have covered the typical functions and activities 
performed by a personnel section. Recent trends, however, indicate that 
new items will be added to this personnel agenda. The selection and 
utilization of minority groups , for example, will be more heavily empha¬ 
sized. As a result of this emphasis as well as governmental regulations, 
more and more personnel managers will be turning to test developers to 
formulate and validate tests which will give the manager greater assurance 
of the proper selection and placement of personnel. 

In like manner, emphasis will be placed on developing newer and better 
methods for training and placing disadvantaged individuals. Recognizing 
a firm's responsibility to be a good corporate citizen, many companies are 
today moving into the area of hiring, counseling, educating, and training 
those citizens who would not otherwise be eligible for such employment. 
This poses a real job for personnel managers, especially in the area of 
overcoming attitudinal and emotional problems in order to integrate these 
individuals successfully in the labor force. 

With the arrival of data processing equipment, personnel departments 
will surely move strongly into the area of automation of personnel records. 
Personnel files will probably move from 8i/£" x 11" handwritten sheets to 
magnetic tape containing application data, performance ratings, job 
history, test results, promotions, payroll data, and the like. With this and 
similar information on tape, various studies, reports, and trends should 
be forthcoming which will be of real value to top management. 

Employee rating and appraisal is another area in which new frontiers 
are opening. This is particularly true in the area of management appraisal 
where emphasis will be placed on early recognition of management poten¬ 
tial through experimentation with samples of the individual's behavior 
rather than through total reliance on tests and interviews. 

Determining employee opinions and attitudes will be more frequently 
undertaken by the personnel department rather than an outside con¬ 
sultant. Managers are becoming increasingly interested in their em- 
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ployees' feelings and opinions and have found that incorporating their 
employees' ideas into plans affecting them will materially enhance their 
employees' motivational effectiveness at virtually no cost. 

Some alert managers are beginning to place greater emphasis on em¬ 
ployee motivation and development. Although relatively little is known 
about employee motivation, its importance and salutary effects are being 
recognized. The influence of the work environment, the supervisor, and 
the work group are being researched today in an effort to relate these 
specifically to motivation. 

Finally, emphasis will probably be placed on basic and applied research 
by the personnel area, covering a wide range of topics. It will move from 
its old role of asking employers for their opinions, validating tests, and 
evaluating training programs into more viable areas of organized re¬ 
search. Technical and managerial obsolescence, for example, will be a 
topic for such research, as will be the areas of organizational and environ¬ 
mental research. 

The personnel function, as we can see, has real potential for growing 
into one of the dynamic staff areas of an operating firm. Alert and progres¬ 
sive managers will provide the needed opportunity for advancement in 
this vital area. 


STUDY QUESTIONS 

1. What arc the functions of a personnel department? Of what importance are 
they to management? 

2. From an organizational point of view, where should the personnel depart¬ 
ment be located? Why? 

3. What is a personnel policy? Who is responsible for its formulation? Why 
not let each department head establish his own policies? 

4. How can labor requirements be estimated with any degTee of accuracy? Ex- 
plain. 

5. What is a job speciBcation? Of what practical value is it to industry? 

6. What are the major sources for labor? What procedures would you recom¬ 
mend for selection and placement of employees in a 2,000-man plant? 

7. What part does the application blank play in the initial interview? 

8 "Tests give us indications of an employee's ability and positively show 
whether or not he will be successful in a particular job." Comment. 

9. Of what value are references, physical examinations, and separation inter¬ 
views to a company? 

10. Why is introduction to the job a logical function for the personnel section? 
Is this true for coordination of promotions and transfers? Why? 

11. What new areas will probably be added to the scope of personnel manage- 
ment? 
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UNION-MANAGEMENT 

RELATIONS 



In the United States today over 125.000 business concerns 
representing a major portion of our business society are 
under legal obligation to bargain collectively with labor 
representatives. In fact, few industries exist today whose 
labor force is not touched by unionism. Labor unions are 
an integral part of our management scheme and as such 
should be recognized, understood, and dealt with effectively. 

During the past two decades organized labor has devel¬ 
oped from a modest organization into one of the most power¬ 
ful groups in our society with a fluctuating membership of 
around 16 or 17 million workers. Its actions, thoughts, and 
plans are constantly spread before us in our daily papers. 
Joint decision making by labor and management through 
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collective bargaining has been widely accepted in principle. In fact, the 
labor union is just as much a part of our present-day society as is the 
family It has both legal status and social approval; it is a positive and 
definite part of our industrial structure. 


UNION GROWTH 

The present strong position occupied by unions did not happen over¬ 
night. To the contrary, the history of organized labor development is 
one of lengthy and often slow struggles for recognition and organization 

development. 

Unions have long been a part of the United States scene. Even before 
the Declaration of Independence skilled artisans joined together in socie¬ 
ties primarily to provide their families with financial assistance in the 
event of illness, debt, or death. Though these were unlike current unions 
in some respects, they did possess the common characteristic of association 
for mutual advancement and protection. 

Craft unions composed of such groups as carpenters and printers were 
founded as early as 1792 to resist wage deductions. These unions were 
usually local as well as temporary in nature, but many characteristic 
union techniques were developed during this early period. For example, 
the first recorded meeting for the purpose of collective bargaining oc¬ 
curred between the Philadelphia shoemakers and their employers in 
1799. As unions increased in strength and their wage demands became 
more pressing, employers also formed organizations to resist wage demands 
and secure favorable court action to declare labor organizations illegal. 

The development of the City Central Organization in 1827 is thought 
of by many labor historians as marking the real beginning of an organized 
labor movement in America. In 1850 the first permanent national union 
was formed, known as the National Typographical Union. 

In 1863 there were approximately 80 local unions in 20 northern states. 
By the close of the Civil War there were almost 300 local unions in these 
same states. Of particular interest during this period was the foundation 
in 1869 of the Noble Order of the Knights of Labor, a garment workers 
local. By 1886 it claimed over 700,000 members throughout the country 
but, because of internal conflict, it soon began to decline in importance. 
After the formation of the American Federation of Labor in 1886, the 
Knights steadily lost ground and by 1890 had only 100.000 members. It 
ceased to exist in 1917. 

American Federation of Labor. The .American Federation of Labor 
(AFL) had its beginning in 1881 in six prominent craft unions; printers, 
iron and steel workers, molders, cigar makers, carpenters, and glass work- 
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ers. These crafts and some others joined together and called themselves 
the Federation of Organized Trades and Labor Unions. It was weak and 
overshadowed by the Knights until 1886 when they (the Knights) refused 
to respect the jurisdiction of the large craft unions. Irritated at this action, 
several of these large craft unions met in Columbus, Ohio, in 1886 and 
formed the American Federation of Labor, with a corps of about 138.000 
members. From its founding and until 1920, the AFL consolidated iu 
position and by 1920 it had over four million members representing from 
70 to 80 percent of all union workers. 

The economic recession of 1921-22 resulted in many work stoppages; 
wage reductions were common; and with these two, union membership 
declined from about five million to three and one-half million and re¬ 
mained at this low level until 1929. The depression of the thirties further 
reduced union membership to three and one-fourth million members in 
1933. In fact, it was not until the government gave its legal sanction to 
organized labor by the National Industrial Recovery Act of 1933 that 
membership began to grow. Section 7(a) of this act guaranteed the right 
of employees to organize into unions of their own choosing and to bargain 
collectively with employers, and the Norris-LaGuardia Act of 1932 limited 
the use of court injunctions in labor disputes. These two pieces of legis¬ 
lation set the stage for rapid growth, a growth temporarily slowed down 
in 1935 by court invalidation of the NIRA. However, the National Labor 
Relations Act (the Wagner Act) was passed in 1935; it guaranteed the 
right of workers to organize and bargain collectively as well as prohibited 
employer-dominated or employer-financed company unions. When the 
Supreme Court upheld this legislation in 1937, organized labor and the 
American Federation of Labor made very rapid advances in membership. 

Congress of Industrial Organizations. As a result of an internal 
struggle over industrial versus craft unionism, six affiliated AFL unions 
formed a "Committee for Industrial Organization” to organize the work¬ 
ers in mass-production industries for AFL affiliation. The executive coun¬ 
cil of the AFL indicated this action to be dual or duplicating that of the 
AFL and requested the committee to disband immediately. On refusing, 
the committee and its ten affiliated unions were suspended from the AFL. 
This group (the suspended unions) held its first constitutional convention 
in November 1938, and reorganized itself as a federation of national and 
international unions under the name of "Congress of Industrial Organiza¬ 
tions,” with John L. Lewis as leader. 

War and Postwar Periods. Growth continued despite the split and 
by 1941 union membership was estimated at about 11 million. With 
growth and government sanction, management-labor relations gradually 
improved. World War II served to unite all labor and management in a 
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cause, but with the cessation of hostilities in 1945 a wave of 
C °®^s en gulfed the oil, automobile, coal, and steel industries. More than 
Stn two large strikes, each involving 10,000 or more employees, occurred 
^ween V-J Day ancl J une !946. Union demands in each case included 
bet increase in pay of approximately 30 percent, the amount the workers 
311 ht necessary to maintain their former wartime earnings. Out of 
these*disputes emerged a wage pattern increase of about 18 i/ 2 cents per 
h ur in the automotive, steel, electric, and rubber industries. 
h °B December 1947. workers found themselves worse off financially than 
V-J Day because of an increase in the cost of living of about 30 percent. 
In 1948 general industrial resistance to wage increases was overcome and 
General Motors Corporation signed a two-year agreement with the United 
Automobile Workers (CIO) for an 11 cents per hour increase and a pro¬ 
vision for subsequent increases based on a rise in the consumer price 
index, sometimes called the cost of living index. During 1949 and 1950 
union demands shifted in emphasis from wage increases to pensions and 
other supplementary benefits designed to protect the health and welfare 
of die workers and their families. By 1955 union demands were in the 
direction of a guaranteed annual wage and a supplemental unemploy¬ 
ment benefit plan was negotiated between the United Automobile Work¬ 
ers and the Ford Motor Company. This plan was a start in the direction 
of the guaranteed annual wage and was hailed as a new frontier in labor- 
management relations. Later, similar contracts were negotiated in the 
other automotive firms, as well as in steel and rubber, and in 1960 em¬ 
ployees collected over $100 million under the provisions of these supple¬ 
mental unemployment benefits. 1 In August 1961, the first profit-sharing 
plan in the auto industry was announced between American Motors Cor¬ 
poration and the United Auto Workers. 


Labor Management Relations Act of 1947 (Taft-Hartley Act). A 
shift in legislative policy resulted in the passage in June 1947 of the Labor 
Management Relations Act, commonly known as the Taft-Hartley Act, 
despite strong union objections and a presidential veto Certain features, 
such as the closed shop, were made illegal under the revised law and 
others, such as the union shop, welfare funds, grievance procedure, check¬ 
off, and contract termination provisions, were either controlled or defi¬ 
nitely restricted. In addition, actions which the unions could not under¬ 
take without violating the law were listed to counterbalance the unfair 
labor practices prohibited employers under the Wagner Act. 

Secondary boycotts under the act became unfair labor practices, and 
work stoppages over some issues could be penalized througli litigation and 
lawsuit damages. Other provisions imposed a "cooling" period on strikes 


I ‘‘In Labor,” Business Week (April 8. 1961). p. 62. 
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and lockouts. Special provisions were made in the act to control strikes 
which endangered national health and safety; specifically the President of 
the United States could appoint a board to investigate the facts and forbid 
work stoppage for a period of eighty days. During this period, of course 
all efforts are made to settle the dispute but if. after these and other steps 
labor still persists, the injunction must be dissolved and a strike can be 
called. 

Mercer of the AFL and CIO. 2 On December 5, 1955, the AFL and 
CIO merged into one union known as the AFL-CIO, with George Meany 
(AFL) serving as its first president. In addition to more forceful dealing 
with its affiliates, the merger aimed to provide for more unified political 
action on labor's part, increase the intensiveness and tempo of organizing 
efforts, reduce conflicts and feuding previously existing, and make for a 
stronger, centralized voice on all public issues. 

The serious troubles predicted in the early days of the merger have not 
yet materialized—but. then, neither have the hopes of those who foresaw 
a more powerful federation of organized labor. The merger has not given 
unionism the hoped-for economic and political strength and security. 
Many writers, doubting that the merger has resulted in any strong agree¬ 
ment on common purpose, see it as an amalgamation divided on prin¬ 
ciples but held together by expediency and compromise. In fact, some 
say that its greatest success is that with these obstacles it has managed to 
survive. 

It has not, as some feared, developed to such a point politically that 
we might have a laboristic society. In fact, their members’ diverse philoso¬ 
phies have resulted in, if anything, a more conservative movement than 
many thought possible. 

We frequently hear of the AFL-CIO’s internal bickerings and difficul¬ 
ties, to their embarrassment. As a partial result of congressional investiga¬ 
tions into dishonesty and lack of democracy, the AFL-CIO expelled its 
most powerful union, the International Brotherhood of Teamsters, as well 
as a number of smaller unions, thereby reducing membership by about 
10 percent. Following this, Albert J. Hayes, an AFL-CIO vice president 
and head of the International Association of Machinists, stated that the 
AFL-CIO was in danger of breaking up over interruption disputes; and 
the secretary-treasurer of the United Auto Workers indicated that the 
union has more problems now than before the merger. In May 1968 the 
UAW was suspended by the AFL-CIO Executive Council because of a 
default of its financial obligations. The suspension could lead to a final 
disaffiliation by the auto union. 


-*'\\ T ' CIO: They Said It Would Never Last,” Business Week (December 10, 1960), 

pp. 31-32. 



UNION-MANAGEMENT RELATIONS 


355 


Despite this gloomy picture, the merger has managed to survive. This 
is due in no small part to the decisive leadership of George Meany. Also 
contributing to the tightening-of-the-ranks survival have been the tough 
negotiations by management and the enactment of the Landrum-Griffin 
labor reform law—a law allowing, among other things, workers to file com¬ 
plaints with the government against union leaders. 

^ Thus, today we still hear the prophets of doom predicting the dissolu¬ 
tion of the merger, but as long as there is strength in unity, and as long as 
Meany is in control, it is highly unlikely that any dissolution will be 

attempted. 


UNION MEMBERSHIP 

As was pointed out above, unionism made powerful strides in its early 
history. There was a "cause,’’ a reason for organization, and the workers 
rallied to the call against unfair practices and poor management. 

But things are different now. The idealism of the 1930s fading into the 
opportunism of the 1950s gave way to the satisfaction of the 1960s. Rela¬ 
tively speaking, workers are prosperous, complacent, smug, even conserva¬ 
tive. Most of the benefits and causes they once fought for and struck for 
are already theirs. They possess a dignity that every man strives for—and 
the attainment of this dignity has sapped the spirit and vigor from the 
labor unions. 

Strikes as a bargaining weapon are declining in importance today as a 
result of all these changes. Instead of strikes, there is a tendency for this 
"new-look” membership to insist on a more mature and deliberate ap¬ 
proach to settling union-management problems. Drop-of-the-hat bargain¬ 
ing strikes and picketing as a way of life are on the way out. This is not to 
say, however, that strikes have been eliminated. We still have and will 
have big walkouts like the ones against General Motors and the long¬ 
shoremen’s strike in the Atlantic and Gulf ports. The newer members, 
however, recognize the economic loss for both parties and are attempting 
to avoid strikes if possible. 


UNION ORGANIZATION 

Local unions have a fairly simple organization structure headed by a 
president. Though not clearly defined, his duties usually consist of pre¬ 
siding over meetings, representing the local union in various capacities, 
participating in bargaining with employers, and the normal administra¬ 
tion of the contract agreement. The president also sits with the executive 
board, an elected body, whose major function is usually to prepare the 
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next contract. An elected secretary-treasurer performs the duties usually 
associated with the office. He can be a powerful figure in the union be¬ 
cause he has the right in many cases to approve or sanction the use of 
funds. A business agent may be elected or appointed; he is usually the 
most powerful officer in the union because of his intimate knowledge of 
the problems of workers and unions and his diverse functions. His chief 
duty is to represent the union in administration of the contract. Usually 
a clever and experienced negotiator, he gives advice to the bargaining 
and contract committee. The international representative at the local 
level is a full-time paid official of the international organization and 
represents the international in the local union's affairs. Stewards, or shop 
committeemen as they are often called, are usually elected by the em¬ 
ployees in a department to represent them in disagreements involving 
seniority, rate cutting, promotion, favoritism, and the like. In such in¬ 
stances the steward goes to the foreman and tries to get a settlement on 
the spot. If this is not possible, the dispute then goes to the grievance 
committee for settlement by a higher management official. 

The workers, of course, are important members of the union struc¬ 
ture and theoretically occupy the top position. In actuality, however, the 
president, business agent, and international representative often run the 
local union and because the last two arc often appointed they can run 
the unior as they see fit, even with considerable opposition from its 
members. 


COLLECTIVE 

BARGAINING 

In many of our industries wages and conditions of employment are deter¬ 
mined through negotiations known as collective bargaining. Specifically, 
collective bargaining is an orderly procedure whereby representatives of 
management and the workers meet to negotiate the terms of a contract 
designed to cover their working relations. Under the existing labor laws 
this process involves four steps: 

1. Recognition of the appropriate bargaining unit. 

2. Bargaining in good faith. 

3. Meeting proposals with counterproposals. 

4. Incorporation of the findings in a written contract. 

Some of these may need a bit of explanation. Recognition of the ap¬ 
propriate bargaining unit simply means that management should recog¬ 
nize the representative chosen by the majority of its workers who voted at 
a government-certified election. This recognition is for the purpose of 
bargaining over wages, hours, or conditions of employment. A company 
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would not be considered bargaining in good faith if it met with the unions 
with no intention of reaching an agreement, if it merely gives an appear¬ 
ance of obedience to the act, if it will not bargain on the grounds that its 
competitors have not bargained, or if it claims the union is irresponsible 
and imposes unreasonable conditions before bargaining. As a third re- 
uirem ent a company is also charged with the responsibility of offering 
constructive counterproposals to the demands made by the union. Finally, 
collective bargaining prescribes that agreements must be written and shall 
last for a definite period of time. Thus, refusal to sign a written contract 
after reaching agreement would be considered unfair under the law. 

The written agreements of collective bargaining vary widely. Some are 
restricted to wages, working conditions, and hours. Others provide for 
the administration of welfare, health, and pension plans; merit rating and 
job evaluation; and bonuses and incentive arrangements. 

As time passes the number of issues bargained about increases tremen¬ 
dously, and this, in turn, brings to the forefront the conflict between bar- 
gainable issues and management prerogatives. For example, in a B. F. 
Goodrich Company case (The B. F. Goodrich Company 89 NLRB No. 
139 ) the union wanted to know the salary of each employee before and 
after the last negotiated wage increase, the present salary of each em¬ 


ployee, and the number of performance rating points received by each 
employee in the last performance rating. The company offered to furnish 
the union with such data but refused to name the employees affected. 
Whereupon it was held that this would impede the collective bargaining 
process and the company was ordered to furnish the needed data. Even 
such a matter as the age of retirement has been considered an item for 
collective bargaining because it was a condition of employment, and col- 
lecdve bargaining includes bargaining over wages, hours, and conditions 
of employment. It has been held a violation of the Taft-Hartley Act for 
an employer to refuse to bargain with the union over an increase in the 
price of meals furnished in the company cafeteria, because meals were 
considered to be conditions of employment and wages. 

These few examples serve to illustrate the wide scope that collective 
bargaining has assumed under recent labor legislation and interpretation 
by the National Labor Relations Board. With this liberal point of view 
continued in the future, it is conceivable that any activity which affects 
the social or economic life of employees in industry will be included within 
, the area of collective bargaining. 3 

The actual bargaining session is probably the least understood of labor 
management practices. This is due in part to the fact that it goes on 
behind closed doors, is given little publicity except for the final contract 


3 For a most comprehensive treatment of this subject see Waller L. Daykin, "The 
Scope of Collective Bargaining" (Iowa City: Bureau of Labor and Management, State 
University of Iowa, 1951). 
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agreement, and is fraught with emotionalism. It has been likened by 
many persons to horse trading or to a high-powered poker game with big 
stakes. It is, however, a bargaining sequence where proposals and coun. 
terproposals are traded and bartered until the two parties finally come to 
terms for agreement. In general, the objectives of the union are to maxi¬ 
mize the income of their members, to provide job security, to improve and 
maintain good working conditions, and to make provisions for the con¬ 
tinuance of the union. Management, of course, is interested in operating 
efficiency, sufficient profits, and worker cooperation. Through the collec¬ 
tive bargaining procedure a compromise or a cooperative association is 
worked out, aimed, insofar as possible, to satisfy the objectives of both 
parties. 

The final tangible evidence of collective bargaining is an agreement 
between labor and management expressed as a written contract. The 
subject matter of the contract and its presentation may vary. For ex¬ 
ample, one contract between the Link-Belt Speeder Corporation and the 
United Automobile, Aircraft and Agricultural Implement Workers of 
America (CIO) and Local No. 299 included the following items of agree¬ 
ment: nature of agreement, scope, recognition, company-union relation¬ 
ship, checkoff, hours of work and overtime, seniority, employee training, 
leave of absence, bulletin boards, safety and health, management, griev¬ 
ance procedure, vacations, strikes and lockouts, wages, termination and 
amendment, seniority groups, wage scales, and allowances. 

During the past few decades the subject matter for collective bargain¬ 
ing has undergone some interesting changes. Seniority and dues checkoff 
are now taken for granted—instead of being hot issues. In this same 
category fall the forty-hour week and premium pay for overtime. Many 
managers today see advantages in the union shop in that it eliminates 
claims of company favoritism toward nonunion employees as well as 
assures management of employee compliance with the contract. For these 
reasons, the union shop issue is no longer paramount. 

Instead of these types of issues, collective bargaining today gets in¬ 
volved in more tangible fringe aspects of the job such as employee pension 
plans, insurance, hospitalization plans, and the like. These fringe benefits 
cost a great deal and both sides approach the argument armed with 
sophisticated data involving vesting provisions, amortization rate of lia¬ 
bility, legal provisions, approved actuarial concepts, and so on. This type 
of bargaining is far removed from yesteryear’s simple pay increase and 
a forty-hour week. 

Today employees get more and more time off with pay and manage¬ 
ment expects and gets nonstrike clauses—both the subject of today's 
collective bargaining. Another new area has to do with management’s 
prerogative to either make or buy an item. Labor frequently views pur¬ 
chasing an item (subcontracting its manufacture) as a device to weaken 
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h r’s effectiveness and its power at the bargaining table. In like fashion, 
Ia ° ible pi an t relocation is frequently brought into the picture, and 
though management has not been required to make any concessions on 
h' ooint it is an issue to be bargained. We could enumerate more issues, 
but these 'will serve to show the shifts in the subject matter of collective 
bargaining over the years. 


COALITION BARGAINING 

A special type of collective bargaining known as coalition bargaining has 
developed during the past few years. Coalition bargaining typically starts 
at a multiplant firm where the management negotiates separate labor 
contracts with the local union at each of its plants. Although these local 
unions may be affiliated with a national gToup and exchange information 
among their units, the final collective bargaining is between the company 
and the local union. The purpose of coalition bargaining is to force the 
company to offset its position of bargaining power by bargaining with 
all the unions representing all the employees collectively instead of on 
an individual plant basis. Walter Reuther, who was formerly head of the 
AFL-ClO’s Industrial Union Department, explained the strategy as an 
attempt to establish industry-wide bargaining on the various vital issues 
of the day. It might involve only one union and one company and its 
several plants; or it might envelop an entire industry (such as different 
oil companies in one geographical area) and several unions, thereby forc¬ 
ing a uniform contract for each competing firm. 

Two reasons seem to be responsible for die growth in coalition bar¬ 
gaining: (1) it places the union in a more competitive and powerful posi¬ 
tion to negotiate with a large multiplant firm, and (2) it may be a drive 
for more power from the larger, more aggressive unions. 

The future of this new approach is at present uncertain. It is beset 
with problems and, to a degree, with stalling tactics. It has not gained 
the favor of management and will probably need some legal sanction or 
requirement before any real progress is made in this direction. Where it 
is being employed it frequently is a result of an NLRB ruling, or a fear 
on management’s part of the costly delays that multiplant strikes could 
bring. 


FUTURE 

COLLECTIVE BARGAINING 

Anyone who claims that he can tell the future of collective bargaining 
is foolhardy. Although we cannot predict the future with certainty, we 
can make some fairly logical observations about union-management nego- 
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tiations and predict their probable future trends based on current facts 

Automation is currently a very real concern to union leaders. Though 
it has not reduced employment as they feared, unions are still concerned 
about its effect on labor's earnings and its security. As a result of this 
gnawing fear, future labor contracts will probably be more concerned 
with providing some form of a guaranteed annual wage for its members 
This has already started in the auto industry and future bargaining will 
probably aim at providing the worker with unemployment compensation 
equal to that which he would have received on the job. Profit-sharing 
demands will probably increase. In addition, future bargaining will aim 
at providing union members with the same protection of job and pay 
that now accorded the typical white-collar employee. As the union leaders 
contend, there is little justice in a system which lays off blue-collar em¬ 
ployees during periods of slack demand while retaining office workers and 
clerks regardless of the How of work. 

As our technology demands new skills, unions will probably demand 
new opportunities for their members to be "retooled." As a result, collec¬ 
tive bargaining may well incorporate a system of periodic retraining and 
education which will enable the worker to catch up with the changes of 
the times, teaching him new skills through employer-paid training. 

With jobs automated and machine paced, unions will probably move 
into bargaining over the environment in which these technology con¬ 
strained jobs will be performed. In addition, unions will also want their 
members to be in on the planning function which incorporates these tech¬ 
nological changes. 

Future collective bargaining will probably push for an increase in 
coalition bargaining. With corporate conglomerates appearing on every 
hand, it is only natural that a conglomerate of unions should appear to 
bargain in such an atmosphere. This may even grow to such proportions 
that we shall see a relatively few bargaining sessions control the destiny 
of the majority of the union workers in the country. 

In all these areas, management should be aware of trends and demands 
and be prepared to organize and operate its business within the new frame¬ 
works of social and technological origins, while still making progress 
towards achieving its ultimate objectives. 


GRIEVANCES 

When organized labor is mentioned, a great many people think of con¬ 
flicts and grievances. It is unfortunate, of course, that attention is 
focused on areas of disagreement rather than agreement, but it is abso¬ 
lutely essential in any work situation whether unionized or nonunion- 
ized to provide some means whereby employee discontent, difficulties, and 
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• factions can be settled. A dissatisfied employee is less productive. 
d,SS h hooves management, therefore, to exert every effort to reduce or 
^liminate a source of dissatisfaction through a prompt and effective settle- 
t 0 £ the grievance. 

mCn ’ vance can result from any situation that the worker thinks unfair 
A ^in which he does not believe management has lived up to the spirit 

and n the law of the union agreement. 

The subject matter for grievances is. obviously, just as comprehensive 
that of collective bargaining; it includes anything having to do with 
3S hours, and conditions of work. Irrespective of what the dissatis- 
f^don is, however, settlement should be made just as near the point of 
•gin as possible. Grievances capable of early settlement which progress 
hiher U P in thc organization get more difficult to settle, because fear of 
8 of prestige prevents settlement on a rational basis, and attitudes be- 
054 more fixed. It goes without saying, of course, that action should be 
C ° t in every step of a grievance. Fairness and merit should be the 
basiTof all settlements, and the reasons for the decisions in grievance cases 
should be made clear to avoid the feeling of arbitrary action and to instill 
onfidence and respect for management's judgment. This, perhaps more 
dian any other single consideration, can enhance the cooperative spirit of 


labor-management association. . . . 

The grievance procedure should be used only when there is a real basis 
for a complaint, and it is the union's responsibility to refuse to appeal 
complaints which have no obvious merit. This aids in keeping the griev- 
ance machinery from bogging down with unnecessary cases, as well as in 
creating a healthy respect on management s part for thc union. 

Handling grievances is a responsibility of all levels of management. 
Most grievances, however, in a well-run company will be settled on a first- 
line basis. But regardless of where they are settled, it is difficult to overem¬ 
phasize at this point the importance of the proper handling of grievances. 
In addition to its influence on the current situation, the decision of a 
labor grievance may have long-run implications and a decided impact on 
the future relationship between labor and management. 


ARBITRATION 

Even under ideal conditions, situations are apt to develop where neither 
party can reach an agreement under the grievance procedures established. 
In such instances arbitration is often used as the terminal step in handling 
grievances. Arbitration consists simply of having a disinterested third 
party (or parties) act as umpire in the settlement of a labor dispute. It 
is, in general, quite flexible and can be molded to suit the needs and de¬ 
sires of the parties concerned. Arbitration is judicial in nature, and the 
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decisions made often affect future similar cases. An arbitrator’s decision 
is usually carried out, but when it is not, relief may be sought through 
the National Labor Relations Board or the courts. 


UNION ORGANIZATION 
AND MANAGEMENT'S RIGHTS 


As a result of the complacency that has moved into union membership 
union leaders are experiencing real difficulties in securing new members 
today. In addition, public censure of union activities and internal strife 
within the unions themselves have added to the unions’ mounting mem¬ 
bership difficulties. Unions are, therefore, putting new emphasis and effort 
into their organization drives. When, under these conditions, a union 
moves into an area to organize a firm, management is faced with the 
immediate problem of what it can or cannot legally do to protect its inter¬ 
ests as well as to deal fairly with its employees. The range of both man¬ 
agement's and the union's rights under these circumstances is extensive 
and to explore all such aspects is beyond the scope of this text. However 
the following discussion, though in no way complete, should serve to indi¬ 
cate some of the areas frequently questioned under these conditions. 

When union organizers appear on the scene, a manager can correct 
any untrue or misleading union propaganda, but cannot ask an employee 
to talk in private about the union. A manager can, however, talk to em¬ 
ployees openly, on company time, and in groups, just as long as the talk 
is not held during the twenty-four-hour silence period held before each 
election. (Management can, however, mail material to employees' homes 
during this silence period.) In this talk, a manager can point out the dis¬ 


advantages of a union, such as monthly dues, fines, wages lost from strikes, 
and so on. He cannot, however, threaten the loss of a job or a reduction 
in pay, or discontinuance of any past benefit if an employee joins or 
favors a union. Neither can a manager use language which could be con¬ 
strued to be intimidating or language which would keep a worker from 
joining a union. He can, however, in talking with employees, tell them 
about any of his personal union experiences and can even show how the 
employees’ present wages and fringe benefits compare with those in union¬ 
ized shops, emphasizing that unions cannot do anything for workers that 
they cannot do for themselves. But in this talk, the manager must not do 
or say anything that might be interpreted as restraining or interfering 
with an employee’s right to participate in union activities. In fact, he 
cannot do anything that would imply to employees that he is keeping an 
eye on them to see if they are participating in the organizing activities, 
nor can he ask them to tell him what they think about unions. 

Management can, of course, insist that unions cany on their union¬ 
izing activities outside the plant work areas and during nonworking hours. 
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Along th* s line ’ a mana S er can ^ employees to notify him if the em¬ 
ployees are in any way threatened or coerced by a union member or orga¬ 
nizer. A manager can also point out that a worker does not have to sign 
a union-authorization card or even talk to the union organizers unless it is 
his voluntary desire, and if a union-authorization card is signed the em- 


ployee 


is under no obligation to vote for the union. 


When a manager sees one of his men taking part in unionizing activi¬ 
ties, he cannot in any way discriminate against him or deny him his right 
to solicit other workers except during working hours and in work areas. 
In other words, if the solicitation is in outside areas and during nonwork¬ 
ing hours, management cannot interfere. Management cannot, however, 
stop a worker from soliciting other workers even on company property and 
during working hours unless management can clearly show that it is inter¬ 
fering with their jobs. In addition, management cannot threaten in any 
way to discipline or fire a worker for favoring or joining a union, nor can 
management threaten to close, move, or in any way reduce operations in 
a plant if the employees join a union. 

A manager can, of course, talk to his employees, but he must be careful 
what he says. He can, for example, discuss the usual seniority provisions 


present in most union contracts, pointing out how they would serve to 
stifle the progress of ambitious and skilled employees, but he must not 
imply that if the worker does not join the union he will be promoted, 
given a raise, or rewarded in some manner. He cannot imply or state 
that he will not deal with a union, in order to discourage his employees 
from joining, nor can he ask a worker to report to him the names of other 
workers, including himself, who are either union members, favor unions, 
or are participating in union activities. A manager can legally listen to 
this type of information if it is told to him voluntarily—but he cannot 


ask any questions. He has the right also to point out in conversations with 
employees that the union will probably try for a union shop which will 
force all employees to join the union whether or not they so desire. A 
manager, in addition, can suggest that if a worker joins a union he will 
be paying for benefits he is already getting. He cannot, however, discrimi¬ 
nate between union employees or those thought to be union employees 
and nonunion employees by giving the soft jobs to those who object to 
unions, saving the harder and more unpleasant tasks for the union mem¬ 
bers or those suspected of favoring the union . 4 


As a final illustration, management may advise its employees that they 
need not attend an organization meeting announced by a union organizer. 
In fact, under these conditions, management may call a meeting of its em¬ 
ployees and advise them that the company has complied with all requests 
from the Labor Board, and that the employees are not obligated to attend 
the announced union meeting. Management should also point out that 


4 "When the Union Organizers Come." Factory (July 1962), pp. 96-97. 
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each worker must individually decide whether or not he will attend the 
meeting and that neither attendance or nonattendance will affect the 
employee’s employment status. 


MANAGEMENT'S TASK 

We can see from the discussion in this chapter that management must 
exercise real care in dealing with the activities of unions whose rights have 
been developed over a period of time through the courts, federal laws, and 
rulings of the National Labor Relations Board. Although our discussion 
has not been comprehensive, it is indicative of the care that must be exer¬ 
cised to assure that employees are afforded the right to organize without 
any modicum of interference. 

The contemporary corporate manager must, therefore, exercise real 
intelligence and wisdom in this all-important area. Unions are a definite 
and fixed part of today’s industry, and it is ultimately management's job 
to study, understand, and work with organized labor effectively. Accom¬ 
plishing this requires a great deal of patience and an intelligent approach 
to employee relations; it demands real skill and ability in contract negotia¬ 
tions; and it necessitates the establishment of prescribed rules and proce¬ 
dures. Managers of modern industrial plants have found it easier to 
implement the spirit as well as the letter of labor negotiations,and con- 
tracts through recognizing and following some of the procedures covered 
in this chapter. 


STUDY QUESTIONS 


1. What is coalition bargaining? How did it start? 

2. What are management’s rights and labor’s rights in unionizing activities? 

3. What was the distinction between the AFL and the CIO? Recount briefly the 
history of each. 

4. Briefly describe the Labor Management Relations Act of 1947 and its effect 
on organized labor. 

5. What is the typical organization structure of the local union? What are the 
powers and duties of its major officers? 

6. What is collective bargaining? What four steps must be taken before labor 
and management can say that they have "bargained collectively"? 

7. What form does a labor contract take? What provisions may it cover? 

8. Describe a typical grievance procedure. Does this differ for different induv 
tries? 

9. What is arbitration and under what conditions is it resorted to? 

10. Why is understanding union history and objectives of importance to manage¬ 
ment? 
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EMPLOYEE 

SAFETY 

AND 

HEALTH 



Today, thanks to the efforts of enlightened management, 
the average worker is safer on the job than in his own home. 
This was not always true, however. During the industrial 
revolution, for example, frequent loss of employees’ lives 
and limbs was considered the price for technological prog¬ 
ress. And even as late as 1900, the loss of life and limb in 
our manufacturing plants staggered the imagination. Now, 
however, we rarely think of or hear people speak of manu¬ 
facturing plants as being unsafe places to work. This is not 
to imply that we have achieved a state of unrivaled indus- 
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trial safety, but rather that we have made significant strides in our at¬ 
tempts to make manufacturing plants safer and less hazardous places in 
which to earn our livelihoods. 

Despite the progress it has made in reducing accidents, management 
should not be content to rest on its laurels. To the contrary, no effort 
should be spared by management to further minimize occupational in¬ 
juries and deaths. Any lost-time accident is a waste of human values, not 
to mention the suffering and expense involved, and, when collectively 
considered, such accidents represent a real national loss of industrial 
manpower and skills. 

Lost-time accidents also often mean a serious financial loss to the 
worker and his family, despite workman's compensation and company aid. 
Costs to employees take the form of losses in salary during work time lost, 
reductions in salary resulting from physical inability to perform the old 
job, possible total loss of earning ability, and medical expenses. The 
worker, however, is not the only one to suffer a loss. Management also 
may incur expenses from accidents which result in decreased production, 
damage to. machinery, spoiled or poor quality products, excessive waste, 
and idle time. These costs. however, are usually hidden in overall cost 
of manufacture and can only be determined by careful investigation and 
cost analysis. One cost can be determined, however, and that is the amount 
of money paid to employees for job-related injuries and illness. For all 
U. S. industries, this cost is estimated to be between $2.5 and $3 billion 

dollars annually. 

Preventing accidents is one of management's major tasks. Responsi¬ 
bility for safety in industrial work must be accepted by management, and 
it must lead and direct worthwhile safety programs. As in any other indus¬ 
trial undertaking of importance, a considerable portion of management's 
attention must be devoted to fostering effective safety practices and con¬ 
sciousness. Otherwise, safety will be regarded by the employees as sec¬ 
ondary. 

The relationship between sound safety practices and productive effi¬ 
ciency should be obvious. Mass production and high output depend on 
the careful planning and control of every operation in the entire manu¬ 
facturing process. This planning and control must also be reflected in 
adequate provisions for safety so as to minimize interruptions and delays. 
This is not to imply, however, that safety is important only in large mass- 
production enterprises. To the contrary, safety is equally important in 
smaller plants. An injured worker is a nonproductive worker—or at best 
a less productive employee. Even after an injured worker has returned to 
his job, it is not unusual for the quality as well as quantity of his output 
to drop as a result of the injury. For these and other reasons, therefore, 
an enlightened management must assume its responsibility for preventing 
accidents. 
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REASONS FOR ACCIDENT 
PREVENTION 

Obviously the prime reason for management s interest in safety is t 0 
prevent personal injury and death. Whenever injuries occur in a plant 
or department, the manager often feels a personal responsibility f or the 
occurrence, particularly if an investigation indicates that the accident 
could have been prevented. A severe accident is uncalled for, and no 
manager wants to feel a part of such an occurrence. 

A second objective of good safety practice is to reduce operating and 
production costs, thereby enhancing the profit potential. Some insurance 
rates, for example, are cheaper if a plant has a good safety record. Al¬ 
though secondary in importance, this objective provides a quantitative 
base on which to demonstrate clearly the economic aspects of accident 
prevention. In addition, a reduction in production costs is easily under¬ 
stood and provides a simple reason for safety. Delays, slowdowns, and stop, 
pages resulting from an accident can be measured. For example, if one 
member of a team of men is injured, his replacement is often not as 
familiar with the work as the injured member. This lack of job familiarity 
disrupts the team’s work harmony and often decreases output. This de¬ 
crease in productivity is just as much a cost of poor safety practices as 
other more obvious losses. 

In addition to the two more obvious reasons listed above, management 
is also interested in practicing safety because of its effect on employee 
relations, community relations, and worker morale. Although the definite 
effects of safety on any of these would be difficult to measure, there is little 
doubt of its value, even if only salutary. Good employee and community 
relations are important for a firm. The reputation that a company de¬ 
velops in a community as being a good, poor, or dangerous place to work 
has a decided effect on the quality and quantity of employees who apply 
for work. This reputation also has a decided effect on the morale of those 
already employed. A management which does not actively seek industrial 
safety soon loses the confidence and trust of its employees. In plants where 
safety is not stressed, the workers often feel that management has no 
concern for their safety, and that it lacks the ability to place safety mea¬ 
sures in effect. 


ACCIDENT PRONENESS 

All individuals do not appear to be equally susceptible to accidents. 
Studies of industrial accidents indicate that all employees do not have 
the same chance of having an accident, that is, some employees seem to 
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possess a greater chance of having an accident than others. These em¬ 
ployees who have more than their share of accidents are known as accident 
prone employees. This accident proneness is often ‘•explained” by indi¬ 
cating that one accident “predisposes" an employee to other accidents. 
A second and perhaps more logical explanation is that because of their 
psychological and physiological makeup, some persons are much more 
apt to have accidents. Such factors as the following could be listed as 

causative: 

1 Physical inadequacies such as poor sight, hearing, or lack of stamina. 

2 Distaste for the job, dislike of the supervisor; or similar motivational 
faults. 

5. Insufficient intelligence. 

4. Insufficient manual skill required to perform the job effectively. 

5. Poor plant and equipment usage and hazards. 

6. Ineffective training in safety practices.* 


Correctible defects of course should not make an employee accident 
prone. Only those persons who will not respond to correction and train¬ 
ing are considered more liable to injury than the average person. Such 
employees are often a menace to themselves as well as their fellow workers, 
and good practice is either to place them on jobs where their efforts can 
be effectively and safely used or to discharge them. 


MANAGEMENT'S 
RESPONSIBILITY FOR 
SAFETY 

Although top management cannot personally assume the role of safety 
engineer or safety director for the entire plant, it can through executive 
action make clear to all levels of supervision that top management is ac¬ 
tively behind a concerted effort to reduce accidents and make the plant a 
better and safer place for employees to earn their livelihood. In addition, 
top management should make sure that each supervisor understands that 
he is responsible for the success of the safety program in his geographical 
area of the plant, and that he will have to answer for poor safety practices 
in his area. To prevent misunderstanding, these facts should be reduced 
to some written form - Through directives, management should also make 
the necessary provisions to provide safe tools and equipment, to install 
safety guards where feasible, to discover and correct safety hazards, to 
plan production processes with safety as a central theme, and in general 
provide for an industrial climate that is conducive to general employee 

* Safety Subjects, Bulletin No. 67, Revised (Washington: U. S. Department of Labor. 
1956), p. 81. 
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health and safety. In addition, management should organize safety ac¬ 
tivities and training on a continuing basis under the direction of a desig. 
nated individual, and make sure that every employee is provided with the 
necessary training and supervision to instill in him a desire to work safely. 


ORGANIZATION OF THE 
SAFETY FUNCTION 

Responsibility for the safety function may rest with the individual super¬ 
visors, or it may be the responsibility of one individual, usually known as 
the safety director or safety engineer. Occasionally, but not too frequently, 
responsibility for safety rests in a safety committee composed of the major 
plant supervisors. 

In small firms si/e may not permit hiring one individual to perform 
the safety functions, and in such cases responsibility for safety often rests 
on the individual line supervisors. In such instances the ultimate respon¬ 
sibility for the emphasis and success of a safety program rests with the top 
manager. He is the one who must issue directives to the supervisors, sug¬ 
gest safety practices, control safety education, and check on employee 
safely practices. Although such a program is possible and good results can 
be obtained, this is asking a lot of a busy executive, and often, in such 
situations, safety tends to suffer. Although line supervisors are closest to 
the job and should want to promote safe practices, their first concern is 
often to meet a given production schedule. This concern with output 
as well as the dozens of other immediate matters which press the super¬ 
visors often relegates safety to a secondary or even insignificant position. 



Figure 18.1. Employee holds lag 
bolt that hit his safety glasses. 
Glasses prevented an eye injury. 
(Courtesy Bausch & Lomb.) 
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TWause of these factors it is wise to place the responsibility for the safety 
function under one individual if practicable. In small plants, this indi¬ 
vidual is often the personnel officer or general foreman. 

Perhaps the most effective organization for safety is one which has a 
safety director responsible for plant safety reporting to a top official. If 
a company is large enough, a safety department of several individuals may 
be warranted. The organizational responsibility for such a safety depart¬ 
ment varies. In fact, safety departments may be found reporting either 
to the plant superintendent, the director of personnel, the director of 
industrial relations, or the general manager. At the Hawthorne Plant of 
the Western Electric Company, safety activities at one time were assigned 
to the Public Relations Department, but were later assigned to the 
director of industrial relations, ^respective of who is responsible for 
the safety department, the individual should be someone high enough in 
the organization to exert considerable influence throughout the com¬ 
pany and particularly in the production department where the major 
safely work is done. This location is essential because the safety director 
occupies a staff position and must elicit cooperation rather than demand 
it. Some companies have found it expedient to have \he safety director 
report to an individual who is responsible for the area where the major 
part of the safety work will be done, the production manager, for example, 
rather than the medical director. 

In organizing a safety department under the direction of a safety engi¬ 
neer, management should realize that the major function of the safety 
department is to plan for safety. Actually putting safety into effect is the 
responsibility of line officials. Most safety engineers occupy a staff posi¬ 
tion, have little authority of their own, and thus only make recommenda¬ 
tions about the correction of unsafe practices to the appropriate shop 
foremen. In some plants, however, the safety director is given the necessary 
"line'’ authority to prevent the continuance of a hazardous activity until 
the protective measures "suggested" by him have been put into effect. 
Such extreme action by the safety director is usually limited to definite 
hazards that could cause serious accidents. Most supervisors have a gen¬ 
uine concern for their employees and are happy to take any practical 
cautions or actions that will safeguard the operators' health and safety. 

The size of the safety organization varies with the company and the 
nature of its activities. One rule of thumb often used is to have one full¬ 
time safety specialist for each 2,000 employees. It should be emphasized, 
of course, that this number varies with the industry and its activities. 
Some plants with hazardous processes may requite the services of a full¬ 
time safety man for each 1,000 or 1.200 employees. 

Some companies organize safety on a committee basis. This type of 
organization, however, possesses all the inherent weaknesses of the com¬ 
mittee we discussed in Chapter 5. If the committee form must be used, 

i 
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then the top manager should be chairman of the committee. In such situa¬ 
tions, the committee can aid in developing safety consciousness as well as 
serve as a policy determining body on such safety matters as come before it. 

DUTIES OF THE SAFETY 

dieectoi 

The duties of the safety director are many and varied. They range from 
the theoretical design of safety programs to the installation of specific 
practices. He is responsible for plant inspection to detect safety hazards. 
He analyzes jobs for safety content. To help promote safety, he is respon¬ 
sible for employee training and education in safety principles and prac¬ 
tices. He must keep aware of all the latest improvements in safety products 
offered for employee protection. Obviously, he is responsible for investi¬ 
gating accidents to determine their cause and take whatever measures are 
necessary to avoid their recurrence. To aid him in his analysis of accidents, 
he must keep accurate records and from them apprise management of 
safety progress. As safety director, he is also responsible for seeing that 
the company complies with all local, state, and federal regulations govern¬ 
ing safety. These are typical of his duties. In some companies, of course, 
they are much more extensive. 


PREVENTING ACCIDENTS 

Accident prevention does not occur by itself. The prevention of accidents 
is the job of every safety director, and is the direct responsibility of man¬ 
agement as well as labor. In fact, in accident prevention both management 
and labor must actively and constantly work to achieve any modicum 
of success. Many devices and techniques such as contests, posters, safety 
meetings, and slogans are used to convince employees that for their own 
interest they should ferret out and correct unsafe working conditions and 
practices. Employee motivation is particularly important in safety pro¬ 
grams, because voluntary cooperation is the only real means through 
which a safety program can be made a continuing success. 

Outstanding safety programs can have a dramatic effect on overall 
employee safety. The specific nature of these programs varies, of course, 
depending upon the plant, its location, technology, culture of employees, 
and the like. There are, however, several common factors that are vital 
to any significant program of safety. 

Complete cooperation is a must—cooperation from the top to the 
bottom of the organization, with ease in reporting unsafe practices or 
conditions. Employees should be taught to think and practice safety. This 
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educational approach should extend throughout the firm and be con¬ 
ducted with regularity on a weekly or monthly basis. Some companies take 
the opportunity in these meetings to tell about the accidents that have 
happened since the previous meeting, analyzing each accident and indi¬ 
cating what safety practice was violated. Safety, though vital, can get to 
be a dull subject. A good safety program, therefore, should be contem¬ 
porary, inventive, and interesting. Safety should never be relegated to 
the routine. Along this line, safety equipment such as hats, shoes, glasses, 
and gloves should be generously provided and employees encouraged to 
use it. In addition, safety equipment for machines, adequate illumination, 
and the use of color and lights to call attention to possible hazards should 
be extensively employed. Employees should also be encouraged to think 
and practice safety off the job as well as on, and employees who have made 
safety suggestions or achieved safety records should be pampered, pub¬ 
licized, and given special recognition in company and outside publica¬ 


tions. 



Figure 18 . 2 . Safety showers are spotted every sixty feet at U.S. Steel’s research center 
in Monroeville, Pa., in case of acid contact with clothing. Protective safety equipment 
shown on right includes gloves, face shield, and jacket. (Courtesy U.S. Steel Corp.) 


Finally, any significant program of safety should involve the develop¬ 
ment of a safe working environment. Points of strain and stress in the flow 
of work, psychological booby traps, should be recognized and eliminated, 
and in general the working conditions involving heat, ventilation, humid¬ 
ity, light, and so on, should be the best attainable. 
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In addition to securing worker motivation and cooperation using these 
techniques, other steps should be taken by the safety department to help 
prevent accidents. Some of these steps will be discussed briefly. 

Plant Inspection. A safety inspection is perhaps the oldest and most 
obvious device used in an attempt to promote safety. It is very effective 
if performed by an individual trained to detect evidences of possible safety 
hazards. Such items are poor lighting, slippery floors, unguarded machines, 
poor housekeeping, unguarded elevator shafts, irregular steps, inadequate 
exit facilities, and inadequate personal conveniences can be easily de¬ 
tected. Once recognized, these inadequacies should be discussed with the 
executive in charge so that appropriate directives can be issued to assure 
their correction. The correction of specific defects should never be left 
up to the individual employee or foreman, because their interest in pro¬ 
ductive output might cause a delay in correcting the hazard. 

Job Safety Analysis. The safety director or one of his representatives 
should analyze specified job procedures and practices in sufficient detail 
to discover hazards and make suggestions for changes in motion patterns, 
job sequence, actions, and the like. For example, the safety director may 
find that a corner of a fixture is sharp enough to cut the hands of the 
worker; he may find that a particular reach over a machine could easily 
result in a loss of balance and injury; or he may discover that the job calls 
for lifting a heavy object in an awkward position. Obviously, all these 
situations should be corrected. In addition, the safety director, through 
job safety analysis, should determine any special qualifications needed by 
an individual to perform the job. Such qualifications as particular motor 
skills, special muscular coordination, and special vision and hearing should 
be incorporated in the job specification. In addition to applying safety 
analysis to repetitive jobs, it should also be applied to nonspecialized 
work such as housekeeping, window washing, and oiling equipment. Such 
jobs often expose the employee to a maximum number of hazards, and 
an analysis would indicate proper control measures. 

Placement. The importance of proper employee placement to a 
safety program is recognized by many companies. As a result, certain tests 
and examinations are given some employees before final placement, in an 
attempt to match the physical and mental qualifications of the employee 
with the specific job requirements. A poorly placed employee is more apt 
to incur injury than a properly placed employee. In plants where tests 
and other placement devices are not available, employees should be placed 
on jobs only after carefully estimating and considering the job require¬ 
ments with those which the individual apparently possesses. Where such 
a worker is newly placed on a job. he should be carefully supervised and 
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h erved so that any demonstrated inability or unsafe practice could be 
quickly discovered and either corrected or the employee placed elsewhere. 

Employee Training and Education. Safety training is concerned 
with developing safety skills, whereas safety education is concerned with 
increasing the employee’s knowledge about accident prevention. Both are 
prerequisites for preventing accidents. Employees should be systematically 
instructed in safety meetings, as well as trained to apply the informa¬ 
tion gained from such meetings to specific shop activities. Employee train¬ 
ee in safety should be made by instruction, demonstration, and practice 
Lnder qualified supervision. Such training should begin with general in¬ 
structions about safety in the plant, and should conclude with training 
in detailed on-the-job safety methods. Habit plays an important part in 
safety, and repeated physical training and instruction in safe working 
procedures can do much to promote good safety habits among workers. 

Personal Protective Equipment. It is probable that more research 
has gone into developing personal safety equipment and that more com¬ 
panies employ it as a means of accident prevention than any factor other 
than plant inspection. As would be expected, an almost endless variety of 
personal safety equipment is available, from safety hats and glasses to 
safety shoes. Most manufacturers of such safety equipment have excellent 
specifications for their products. Therefore, no attempt will be made here 
to evaluate the effectiveness of the various safety devices. 

In general, personal safety equipment can be classified as follows: 2 

1. Head Protection 

a. Hard hats 

b. Hair protection 

c. Ear protectors 

2. Face and Eye Protection 

a. Hoods 

b. Goggles 

c. Face shields 

d. Welding helmets 

3. Respiratory Equipment 

a. Oxygen or air-breathing apparatus 

b. Supplied air respirators 

c. Canister and cartridge respirators 

d. Filter respirators 

4. Hand, Foot, and Leg Protection 

a. Gloves 

b. Safety shoes 

c. Foot guards 

5. Protective Clothing 


2 Safety Subjects, p. 246. 
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Figure 183. Employee wean 
safety glasses and a respirator 
that filters out organic vapors. 

(Courtesy Bausch & I.omb.) 


We should recognize, of course, that using a personal safety device doe* 
not in any way eliminate the hazard. Safety equipment is but a thin line 
of defense between the employee and the unsafe condition. Employees 
are often careless about using safety equipment and by not using it they 
become immediately vulnerable. Every effort, therefore, should be made 
to eliminate the hazard necessitating the protective equipment. 

Safeguarding Machinery. Great strides have been made by manu¬ 
facturers in designing machines that operate more safely. In addition, 
many safety features and devices to preclude or reduce accidents have 
been designed to make old equipment safer. In fact, many people when 
they hear about industrial safety automatically think of guards around 
moving parts or attachments on machines. This condition is only natural 
because most early legal requirements for employee safety dealt with en¬ 
closing open belts, gears, and the like. Machines, however, are still far 
from being safe. In relative importance, machine injuries exceed all others 
in both number and severity. In fact, according to a report by the National 
Safety Council, 32 percent of all machine-caused accidents resulted in per- 
manent disability. 3 Management, therefore, should exert the utmost effort. 
to make mechanical devices and machines as safe as humanly possible. 
However, despite management’s efforts to achieve safer working condi¬ 
tions, some employees seem to consider safety devices a challenge to their 
ingenuity to develop ways of overcoming them. Often, in such instances, 
the most severe accidents result. ^ 

Materials Handling. Though often ignored, the careless handling 
of heavy materials is a prime source of back and foot injuries. In many 
plants poor materials handling is responsible for over 80 percent of all 
accidents. Correction of such conditions can be achieved by studying the 



3 Safety Subjects, p. 177. 
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terials handling requirements and developing or purchasing equipment 
which is capable of efficiently and safely moving the material. 

Hand Tools. Minor but annoying injuries often result from improp¬ 
erly using a good tool, or using a poorly designed or broken implement. 
In most cases, correction and near elimination of such injuries from hand 
tools can be achieved. Poorly designed tools, such as powered hand 
tools lacking automatic cutoff switches, should not be purchased. In addi- 
on small hand tools should be issued from a tool room so that only 
nondefective tools will be used. Finally, close supervision and instruction 
should be given employees on the proper tool to use, and the proper use 
of the tool. These precautions coupled with employing holders, safety 
covers, gloves, and the like can practically eliminate hand tool injuries in 
many plants. 

Maintenance. Worn machinery, although not necessarily unsafe, 
usually constitutes a serious hazard. Either breakage or inefficient opera¬ 
tion could serve as a source of employee injury. In addition to the ma¬ 
chine itself, machine guards and attachments are even more prone to wear 
and such defective equipment often gives employees a false sense of 
security and protection. Rough slippery floors around machines also may 
serve to cause machine injuries. Defective machine tools, like hand tools, 
are a constant source of employee injury. Each of these safety hazards can 
be controlled through preventive maintenance entailing inspections, re¬ 
pairs, records, and reports. Care should also be exercised in the mainte¬ 
nance of boilers and other machines and equipment subject to pressure. 

Falls. Another of the major sources of industrial injuries is tripping 
over objects, slipping on floors, and falling onto another level. Despite 
the obviousness of such hazards and the ease of correction, injuries result¬ 
ing from them continue to be reported. Periodic inspection can help pre¬ 
vent many accidents stemming directly from these causes. 

Layout and Design. Although most accidents are attributed to the 
acts of employees, the importance of the workers’ environment and physi¬ 
cal surroundings should never be ignored in determining the cause. In 
fact, good plant layout and design can go a long way in preventing acci¬ 
dents or reducing their severity. Fire injury, for example, has been consid¬ 
erably reduced by modern building design utilizing fire walls to separate 
manufacturing into several compartments. Such measures in building 
design and layout as adequate aisles and storage space, location of hazard¬ 
ous items (hot pipes, electric wires, and so on) above employee reach, pro¬ 
vision for nonskid floors, protection of radiators by grills, can do much to 
aid in achieving an overall safety program. Poor plant layout often results 
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in massive stacks of raw material by machines and in operating areas. 
Both are positive safety hazards. Obviously, machinery should be placed 
so as to allow easy access by the worker with a safe operating space. These 
items are only indicative of the types of things that properly fall under 
the classification of good layout and design. Under this heading could 
also be included adequate lighting. 

Housekeeping. Good housekeeping is one of the more important fac¬ 
tors in preventing injury and accidents. Littered aisles, stairs, and work 
areas invite industrial accidents. In addition, poor housekeeping con¬ 
stitutes a fire hazard, as evidenced by the fact that a major portion of all in- 
dustrial fires start in rubbish, litter, or oily clothing and rags. Good house¬ 
keeping, however, does not include only floors and machines. Other items 
such as dirty windows, dusty lights, and dirty reflectors which reduce the 
effectiveness of lighting could easily result in an employee injury. A reg¬ 
ular and systematic program of plant housekeeping can go far to remove 
these as well as many of the other major causes of accidents. 

Fire Protection. Almost every fire is preventable. An abundance of 
literature exists on every hand regarding accepted principles of fire pro¬ 
tection and prevention and no attempt will be made to cover them here. 
In case of fire, however, human safety often depends on adequate fire 
escapes and their proper use. The type and number of exits required, 
of course, depend on the building design and structure. But good safety 
practice demands that they be maintained in effective working order and 
that employees be trained in their proper use. 

Accident Investigation. How does investigating an accident pr</- 
vent an accident? The answer is simple. By determining the reasons for 
the accident, appropriate action can be taken to prevent similar future 
occurrences. In investigating an accident, the salety director’s job is not 
to fix blame. Instead, the purpose of his investigation is to prevent future 
occurrences. Therefore, as soon as his investigation is completed, he 
should take prompt action to put the necessary safety procedures into 

effect. 


MEASURING SAFETY 

Various trends and ratios can be used to indicate to employees and man¬ 
agement the progress a firm is making in its safety practices. The safety 
supervisor, for example, can compute the accident rate for the company 
as a whole, and for each individual department on, say, a quarterly basis, 
thereby showing trends. Departmental figures of accident severity as well 
as frequency are significant because they tend to pinpoint trouble spots. 
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In developing a figure to measure the frequency rate of a company 
. r department), the base is the disabling injury—an injury which makes 
^ employee unable to work on one or more days following the accident. 
Tliis is expressed as a ratio of the number of man-hours worked, with the 
rate expressed as the number of disabling injuries per million man-hours 
worked The formula to calculate this frequency rate is: 

_ (No. of disabling injuries) (1,000,000) 

Frequency ate No. of man-hours worked 

For example, if a firm employing 1,000 people reports 8 disabling injuries 
in a year, its frequency rate would be: 

( 8 ) ( 1 , 000 , 000 ) 

(1,000) (2.000 hrs. per yr.) 

_ 8 , 000,000 
2 , 000.000 
= 4 


The severity rate is another useful figure which shows the number of 
productive days lost due to injuries per million man-hours worked-. The 
formula for this is: 


Severity Rate = 


(days lost) (1,000,000) 
No. of man-hours worked 


The days-lost figure consists of the actual number of days lost by em¬ 
ployees plus a standard number of days charged for a fatality or loss of 
limb. For example, if an employee is totally disabled by an injury, the firm 
is charged with 6,000 days lost, while the loss of 35 days is charged for the 
amputation of the tip of a toe. These and other standard time charges 
have been developed by the American National Standards Institute and 
are used by industry to determine the severity rate. 

If the firm used in the example above experienced 80 days of lost time 
during a year and in addition had one employee lose the tip of his toe, 
the severity rate of the firm would be: 

c R _ (80 + 35) (1.000,000) 

2 , 000,000 
. 115,000,000 
2 , 000,000 
= 57.5 


Frequency and severity rates take on more meaning, of course, when com¬ 
pared to'national industry norms, thereby indicating where a company 
stands with respect to the national average. Many of these norms can be 
secured from the National Safety Council in Chicago. 
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PRACTICING SAFETY 

Some degree of hazard is present in the operation of every enterprise. 
However, the application of common sense measures, including those dis¬ 
cussed here, will go far to reduce major injuries to a minimum. The costs 
of safety compared with the saving in human life, suffering and produc¬ 
tivity losses are negligible. With proper employee training and indoc¬ 
trination, the safety record of any establishment, no matter how poor, can 
be made to exceed the norm of the industry. Safety, however, is not some¬ 
thing that can be ordered or commanded. It is asking too much for em- 
ployees to obey rules that their supervisors violate. Workers expect their 
bosses to show them and to lead them in safety practices. In fact, only 
when we find a central theme of thinking and practicing safety in a plant, 
do we find industrial injuries kept to a minimum. 


MEDICAL DEPARTMENT 

Although a major emphasis should be placed on preventing and avoiding 
accidents, adequate provisions should be made for employees’ care and 
aid when such injuries do occur. Most firms, therefore, provide some type 
of medical facility for their employees. The medical department s func¬ 
tion is one of prevention as well as cure. Ascertaining an employee’s physi- 
cal condition and suitability for employment in a particular job, for 
example, is one of the duties of the medical department. In this capacity 
the medical department aids in the proper placement of individuals, 
thereby reducing the probability of accidents and injuries. Periodic medi¬ 
cal checkups of employees engaged in certain activities and careful super¬ 
vision of hazardous working conditions also aid in accident prevention. 

When an accident occurs, however, most managements insist that the 
injured employee report immediately to the medical department for first 
aid irrespective of how minor the injury might be. A small nick or scratch 
might become a lost-time injury if not adequately treated. Often em¬ 
ployees look upon reporting a minor injury, such as a scratch, as being 
overly cautious; however, the supervisor should explain to them that 
reporting such an accident could be of considerable aid to them in deter¬ 
mining liability and workmen's compensation payments in the event the 
injury develops-into something more serious. 

Some organized labor has expressed a relatively negative attitude to¬ 
ward industrial health measures, and particularly the medical health 
examination. It was claimed by labor, in such instances, that management 
used the medical examination not to determine an employee’s fitness for 
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particular job but to reject a candidate because of his affiliation with a 
union Fortunately, such feelings are in the minority. Organized labor 
oday in general, actively embraces the idea of management’s concern 
over the health of individuals. This is borne out by many labor contracts 
which call for specific health practices, health services, medical and dental 
care, health education, and first aid treatment areas. 

The physical location of the health department should provide for easy 
iccessibility. Where distances of more than 300 yards are involved for 
women workers, several individual treatment rooms should be established 
throughout the plant. The number of medical doctors necessary to man 
health departments varies, but a rule of thumb is that approximately 
2 500 employees will keep one doctor and two nurses occupied full time. 
In less hazardous work places, this number can be reduced. 

An industrial medical department can do much to reduce compensa¬ 
tion claims and materially reduce lost production time due to injuries. It 
almost goes without saying that a healthy employee is a productive em¬ 
ployee. Innumerable company experiences certify that money spent on 
employee health is more than returned in good employee morale, good 
industrial relations, increased productivity, reduced spoilage, and better 
product quality. 


STUDY QUESTIONS 

1 What is management's responsibility in the administration of a safety pro¬ 
gram? 

2. How is the safety function usually organized in a large plant? Do you think 
this is more effective than having individual supervisors responsible? 

3. What responsibility, if any, does line supervision have for safety in a plant 
with a safety director or safety engineer? 

4. What steps should be taken to help prevent accidents? Of those you have 
listed, which steps would be most effective? 

5. Of what value is a medical department to accident prevention? 

6. Does plant layout play an important role in safety? How? Explain. 

7. What types of personal protective items are available to help prevent acci¬ 
dents? 

8. What is accident proneness? How should it be handled? 

9. Which is more important, safety education or safety training? Why? 

10. Explain the concept of severity rate and frequency rate. 
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During the past two decades American business and indus¬ 
try have changed rapidly. Products that were once standard 
have long been superseded. New processes replace the old. 
New methods of performing work are developed each day 
as new tools and machines are brought into operation. All 
this occurs because of the competitive nature of our economy 
—because firms are trying to produce products that the con¬ 
sumer wants, at lower costs. 

As a result of this competitive situation, management is 
always looking for more effective and cheaper ways to per¬ 
form work. Reducing manufacturing costs enhances the 
profit potential of firms and places them in more favorably 
competitive situations. This is management's'objective. One 
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of the techniques most frequently employed by management to help 
control labor costs is work design or methods improvement—the sys- 
tematic attempt to eliminate unnecessary work and make the remaining 
work easier. Sometimes we hear this referred to as motion study, or motion 
and time study, or work simplification, or methods analysis. Regardless of 
what we call it, its objective is the same, its application is almost universal, 

and its effects are often astounding. 

In some shops, for example, methods improvement has doubled and 
tripled output with less effort and fatigue on the employees' part. Expen. 
sive machines are being utilized more effectively by applying motion study 
principles to their operations. Through the use of methods improvement, 
workers are being made more productive and are earning larger pay. 
checks, while at the same time product costs are decreasing through more 
effective labor utilization. Today, work design is no longer applied exclu¬ 
sively to the factory or shop. Management is also applying it to office 
workers, as well as to other indirect labor to help reduce clerical costs. 
In fact, managers of department stores, hospitals, banks, supermarkets, 
and automotive garages, to name a few. are employing methods improve¬ 
ment principles and techniques to help streamline their operations. They 
can do this because these principles are universal in application—they 
can and are being applied almost everywhere work is being performed. 

METHODS IMPROVEMENT 
DEFINED 

Methods improvement is the general term used to cover the procedures 
employed by management in its study of the work performed in a firm 
with the end objective being to increase the worker s effectiveness and the 
firm's efficiency. Whenever such a study is undertaken it invariably con- 
ccrns itself with 

1 . how the employee is performing his work—the motions he uses to exe¬ 
cute his job; 

2. the time he uses to perform the job; and 

3. the speed with which he works. 

The first part covering the motions he uses is frequently called motion 
study , the science of eliminating ineffective and wasteful motions. Motion 
study has to do with the selection, invention, and substitution of effective 
for nonproductive, wasteful motions. Its end objective is to find a simpler, 
easier, better way of performing a job. To help reach this objective, a sys¬ 
tematic study is made of all the motions, materials, tools, and equipment 
used in performing a job with the idea in mind of: 

1. Eliminating nonproductive and superfluous motions. 

2. Developing and employing more effective and productive patterns of 
movement. 
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Motion study includes not only the motions employed by a worker to do 
a job, but also the tools he uses—such as the shape and size of a screw¬ 
driver and where it is located; where he works—including the layout 
and shape of his work bench, lighting provided, and so on; and the ma¬ 
terial he works with—such as utilizing aluminum versus steel. 

You could make a personal motion study, for example, if you analyzed 
your job of getting dressed each morning. It is highly probable that in 
such a study you would recognize and eliminate many unnecessary move¬ 
ments, as well as rearrange furniture and clothing for easier access, thereby 
improving your work method. 

The second part of methods improvement deals with how long it takes 
an operator to perform a task and is referred to as time study, the art 
of systematically recording, analyzing, and synthesizing the times required 
to perform a motion or series of motions. Time study's purpose is to de¬ 
termine how much time is required to perform a job. You would be 
making a simple time study, for example, if you timed yourself and found 
that you required one minute and twenty seconds to put on your shirt 
and necktie. 

When these first two steps arc combined we have motion and time 
study which concerns itself with the analysis of work and the time re¬ 
quired to perform it working at normal pace. 

The third part of methods improvement concerns itself with the pace 
or speed with which an operator works. This third aspect of methods 
improvement, however, is not too important in improving an employee's 
effectiveness. This is true because without changing the methods or 
motions used, employees can only increase their output by an average of 
12 to 15 percent. This is not very much when we consider that, by chang¬ 
ing his motions, an employee can reduce the time required to perform 
a task to such an extent that his output will increase 200 percent, 300 per¬ 
cent, 400 percent. For this reason, the major emphasis in designing work 
is placed on the motions employed by the operator and not on how fast 
he is working. 

Many persons have played an important part in the development and 
application of methods improvement, but Frederick W. Taylor and Frank 
and Lillian Gilbreth stand out most prominently and are given greatest 
credit for its growth and application. Their lives and work read almost 
like a novel. 


FREDERICK W. TAYLOR 
AND TIME STUDY 

Frederick W. Taylor was born in Philadelphia in 1856. As a young man 
he studied at Phillips Exeter Academy preparing to enter Harvard, but 
serious eye trouble forced him to leave school and find employment in a 



388 


WORK. STANDARDS AND WAGES 


field not requiring intensive use of the eyes. He chose to work in industry 
and secured a job at the Midvale Steel Works in 1878. It was while work¬ 
ing for this organization that he began to develop some of his important 
concepts of management. 

No other single individual has had the profound influence on Ameri¬ 
can management that Frederick W. Taylor has. It is generally conceded 
that he was the first person to make an important contribution to the 
science of improving human methods of work. Early in his work Taylor, 
in an effort to improve the work methods and reduce the time required, 
began a systematic and scientific study of how workers performed jobs. 
Perhaps one of Taylor's best-known motion and time studies is that made 
of the handling of pig iron at Bethlehem Steel Company. Taylor describes 
it as follows: 

This was done by timing with a stop watch a first-class man while he was 
working fast. The best way to do this, in fact almost the only way in which 
the timing can be done with certainty, is to divide the man’s work into its 
elements and time each element separately. For example, in the case of a 
man loading pig-iron onto a car. the elements should be: (a) picking up the 
pig from the ground or pile (lime in hundredths of a minute); (b) walking 
with it on a level (time per foot walked); (c) walking with it up an incline 
to car (time per foot walked); (d) throwing the pig down (time in hun¬ 
dredths of a minute), or laying it on a pile (time in hundredths of a min¬ 
ute); (e) walking back empty to get a load (time per foot walked). 

In case of important elements which were to enter into a number of rates, 
a large number of observations were uken when practicable on different 
first-class men, at different times, and they were averaged. 

The most difficult elements to time and decide upon in time, as in most 
cases, are the percentage of the day required for rest, and the time to allow 
for accidental or unavoidable delays. 

In the case of the yard labor at Bethlehem, each class of work was studied 
as above, each element being timed separately, and, in addition, a record 
was kept in many cases of the total amount of work done by the man in a 
day. The record of the gross work of the man (who is being timed) is, in 
most cases, not necessary after the observer is skilled in his work. As the 
Bethlehem time observer was new to this work, the gross time was useful in 
checking his detailed observations and so gradually educating him and giv¬ 
ing him confidence in the new methods. 

The writer had so many other duties that his personal help was confined to 
teaching the proper methods and approving the details of the various 
changes which were in all cases outlined in written reports before being 
carried out. 

As soon as a careful study had been made of the time elements entering into 
one class of work, a single first-class workman was picked out and started on 
ordinary piece work on his job. His tasks required him to do between three 
and one-half and four times as much work in a day as had been done in the 
past on an average. 

Between twelve and thirteen tons of pig-iron per jnan had been carried 
from a pile on the ground, up an inclined plank, and loaded on to a gon- 
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dola car by the average pig-iron handler while working by the da Y-J he 
men in doing this work had worked in gangs of from five to twenty me . 

The man selected from one of these gangs to make the first start under the 
writer’s system was called upon to load on piece work from forty-five to 
forty-eight tons (2,240 lbs. each) every day. 

He regarded this task as an entirely fair one. and earned on an a ' e J age 
from the start $1.85 per day. which was 60 per cent more than he had been 
naid by the day rate. This man happened to be considerably lighter than 
the average good workman at this class of work. He weighed about 130 
oounds. He proved, however, to be especially well suited to this job. and 
was kept at it steadily throughout the lime that the writer was in Bethle¬ 
hem, and some years later was still at the same work. 

Being the first piece work started in the works, it excited considerable oppo¬ 
sition both on the part of the workmen and of several of the leading men 
in the town, their opposition being based mainly on the old fallacy that if 
piece work proved successful a great many men would be thrown out of 
work, and that thereby not only the workmen but the whole town would 

suffer. 


One after another of the new men who were started singly on this job were 
either persuaded or intimidated into giving it up. In many cases they were 
given other work by those interested in preventing piece work, at wages 
higher than the ruling rates. In the meantime, however, the first man who 
started on the work earned steadily $1.85 per day. and this object lesson 
gradually wore out the concerted opposition, which ceased rather suddenly 
after about two months. From this time on there was no difficulty in getting 
plenty of good men who were anxious to start on piece work, and the diffi¬ 
culty lay in making with sufficient rapidity the accurate time study of the 
elementary operations or "unit times" which forms the foundation of this 
kind of piece work. 

Throughout the introduction of piece work, when after a thorough time 
study a new section of work was started, one man only was put on each new 
job, and not more than one man was allowed to work at it until he had 
demonstrated that the task set was a fair one by earning an average of $1.85 
per day. After a few sections of the work had been started in this way. the 
complaint on the part of the better workmen was that they were not 
allowed to go on to piece work fast enough. 


It required about two years to transfer practically all of the yard labor from 
day to piece work. And the larger part of the transfer was made during the 
last six months of this time. 1 


Another of Taylor's studies was made at the Symonds Company. Here 
a group of 120 girls inspected balls for bicycle bearings for ten and one- 
half hours each day. After studying the job and improving the method, 
the work force of 120 girls was reduced to 35, and the hours worked per 
day for the remaining 35 girls were reduced from ten and one-half to 
eight and one-half hours. In addition, the inspection accuracy increased 


1 Frederick W. Taylor. Shop Management as reprinted in Scientific Management 
(New York: Harper & Row. Publishers. 1947). pp. 48-51. 
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by 66y s percent and the average wages of the girls increased by 80 to 
100 percent. 2 

After his death in 1915, Taylor's pioneering work was carried on by 
his associates. He is probably best remembered today for his time studies 
and his systematic establishment of work standards. 

Frank and Lillian Gilbreth were also pioneers in the field of methods 
improvement. Although they were interested in time study, their major 
emphasis was on motion study and a search for a better way. 


MOTION STUDY AND 
THE GIIBRETHS 

Industry and society owe a great deal to Frank Gilbreth and his wife, Dr. 
Lillian M. Gilbreth, for their pioneering work in the field of motion 
study. Their work, with Taylor's, laid the entire foundation for our mod¬ 
ern thinking and application of job simplification and incentive payment. 

The story of the Gilbreths' work is an inspiring one. Frank Gilbreth 
was born in 1868 and at the age of 17 years decided that he would rather 
work with his hands than attend the Massachusetts Institute of Tech¬ 
nology. Gilbreth entered the construction and contracting business in 
1885 as a junior apprentice in the firm of Whidden and Company and 
started his new career by learning bricklaying, then one of the basic trades 
in the contracting field. From the very beginning Gilbreth was greatly in- 
terested in the methods used by the people instructing him. He was quick 
to discern that the man teaching him how to lay bricks used three pat¬ 
terns of motions: (1) he used one set of motions for slow work; (2) he 
used a second set of motions for fast work; and (3) he used a still different 
set of motions for leaching another person how to lay brick! Gilbreth 
found other expert bricklayers employing still different methods of laying 
bricks. The existence of these varying methods caused him to wonder 
which method was the best. With his interest aroused, Gilbreth studied 
the motions used in bricklaying and developed an improved way. 

In his improved method the number of motions used in laying exterior 
brick was reduced from 18 to -\/ 2 motions per brick laid. On interior 
brick, he reduced the number of motions per brick from 18 to 2. 3 Pro¬ 
duction was increased from 120 to 350 bricks per man per hour. This 
increase in production was accomplished not by studying the bricklayer 
alone, but by studying the motions made by the bricklayer in relation to 
his work place and tools. For example, Gilbreth had the bricks stacked 

2 Frederick W. Taylor. Principles of Scientific Management as reprinted in Scientific 
Management (New York: Harper k Row. Publishers. 1947), pp. 86-95. 

3 W. R. Spriegcl and Clark Myers (eds.). The Writings of the Gilbreths (Home- 
wood: Richard D. Irwin, Inc. 1953). pp. 57-59. 
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with the best surface up by unskilled, low-priced labor. This stacking 
aved the bricklayer from going through the motions required to turn 
over and examine each surface of each brick. To reduce the bending re- 
auired to get bricks, Gilbreth developed an adjustable brick stand that 
could be raised in height as the wall progressed. The mortar, too, \^as 
studied by Gilbreth and a certain consistency was prescribed by him which 
would allow the bricks to be laid in position without extra tapping on 
the brick with the trowel. Thus, by studying and analyzing the motions 
of the worker, the tools used, and the work place, Gilbreth developed a 
better and less time-consuming system for laying brick—and at the same 
time started on a life-time search for the "one best way" of performing 

any given job. » 

Perhaps Gilbreth’s feelings toward motion economy are best expressed 

by him: 

while the waste from the soil is a slow but sure national calamity, it is 
negligible compared with the loss each year due to wasteful motions made 
by the workers of our country. In fact, if the workers of this country were 
taught the possible economies of motion study, there would be a savings in 
labor beside which the cost of building and operating tremendous settling 
basins, and the transporting of this fertile soil back to the land from whence 
it came, would be insignificant. Besides, there would still be a surplus of 
labor more than large enough to develop the heat, light, and power wants 
of mankind. 

There is no waste of any kind in the world that equals the waste from need¬ 
less, ill-directed, and ineffective motions. 4 

Frank Gilbreth became so interested in the study of motions and mo¬ 
tion patterns that both he and his wife, a trained psychologist, devoted 
their entire time to a study of motions and the elimination of unnecessary 
effort. That motion study was his life is well illustrated by the following 
incident. 

While in London with The American Society of Mechanical Engineers, 
Mr. Gilbreth cornered an old friend of his and explained to him the won¬ 
derful results that could be accomplished by Motion Study. He declared 
that he did not care what the work was, he would be able to shorten the 
time usually required provided that nobody had previously applied the 
principles of motion study to the work. 

A few days before, this friend had been at the Japanese-British Exposition 
and had seen there a girl putting papers on boxes of shoe polish at a won¬ 
derful speed. Without saying what he had in mind, Mr. Gilbreth's friend 
invited him to visit the Exposition and in a most casual way led him to the 
stand where the girl was doing this remarkable work with the feeling that 
here, at least, was an operation which could not be improved upon. 

No sooner had Mr. Gilbreth spied this phenomenal work when out came his 
stopwatch, and he timed accurately how long it took the girl to do twenty- 


4 Ibid., p. 149. 



392 


WORK STANDARDS AND WAGES 


four boxes. The time was forty seconds. When he had obtained this infor¬ 
mation he told the girl that she was not doing the work right. She, of 
course, was greatly incensed that a man from the audience should presume 
to criticize what she was doing, when she was acknowledged to be the most 
skillful girl that had ever done that work. He had observed that while all 
her motions were made with gTeat rapidity, about half of them would be 
unnecessary if she arranged her work a little differently. He had a very 
persuasive way, and although the girl was quite irritated by his remark, she 
consented to listen to his suggestion that he could show her how to do the 
work more rapidly. Inasmuch as she was on piece work, the prospect of 
larger earnings induced her to try his suggestion. The first time she tried 
to do as he directed she did twenty-four boxes in twenty-six seconds; the 
second time she tried it she did it in twenty seconds. She was not working 
any harder, only making fewer motions. 6 

In their search for better work methods, the Gilbreths invented and 
used many devices and techniques. The microchronometer, the cycle- 
graph, the chronocyclegraph, the process chart, and the flow diagram are 
most frequently employed today. 

Microchronometer. Gilbreth was one of the first to use the motion 
picture camera to analyze motions more fully. By taking moving pictures 
of operations he could analyze motions more accurately and thus develop 
better work patterns. He could not, however, determine how long it took 
the operator to perform a given movement because cameras in those days 
did not run at a constant speed. In fact, most of them were hand franked. 
To overcome this handicap, Gilbreth developed the microchronometer, 
a clock capable of recording time to Viooo minute. By placing this clock 
near the worker and photographing both the worker and the clock, 
Gilbreth could determine by the position of the clock’s hands how long it 
took a worker to make a certain move. Figure 20.7 shows a film strip with 
a microchronometer in the lower right corner. 

Although we have much better cameras today than those employed by 
Gilbreth, we still use his microchronometer if we wish to time motions 
accurately. Of course, if an electric motor driven camera is used, the 
timing between frames is constant and the microchronometer is not neces¬ 
sary as a timing device. Even here, however, it is frequently used to help 
identify movements or particular motion sequences in the film. 

Cyclegraph and Chronocyclegraph. The Gilbreths also employed a 
cyclegraph and a chronocyclegraph to develop better motion patterns. 

The cyclegraph consisted of a small electric bulb attached to the oper¬ 
ator's hands. Pictures (time exposures) were made of the worker’s hands 
thus tracing a pattern of the movement on the photographic film. Today 
the cyclegraph is most frequently used to dramatically portray the effect 
of a methods change. For example, we see them quite frequently in adver¬ 


se ibid.. p. 147. 
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Figure 19.1. Cyclcgraph showing old and improved method of washing windows. Note 
electric bulb attached to operator’s hand. (Courtesy ol Gold Seal Co.) 


tising showing the labor that can be saved by using some new product 
or work method (see Figure 19.1). ^ 

Later, Gilbreth added an interrupter to the circuit of the cyclegraph 
causing the electric bulb to flash on and off. thereby giving the effect on 
film of a series of dashes. He called it the chronocyclegraph. Thus, with 
rapid motions the dashes were longer and farther apart than with slower 
motions and, thereby, time values could be determined accurately. In 
addition, the acceleration, deceleration, and direction of movement could 
also be identified by the increasing or decreasing length of the dash and 
the direction of the •‘tail** formed by the moving light. 6 

Process Analysis. Of the many motion study techniques developed 
by the Gilbreths, the process chart and flow diagram are most commonly 
used today because of their simplicity and ease of application. They are 
particularly valuable because they enable us to see and study the overall 
process in a plant, not simply one job or one section of the process. In 
effect, they enable us to see the woods and not be blinded by the trees. 

In attempting to improve any industrial operation, we should first 
analyze the entire process under observation rather than some portion or 
job in the process. The reason for this is that a study of the overall process 
may suggest changes in the way certain jobs are being performed. It may, 
for example, suggest a better work method by rearrangement of the plant 
layout, or it may indicate that some portion of the process is unnecessary 


* Ibid., pp. 230-31. 
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Figure 19.2. Chronocyclcgraph sorting five sheei5 of a report. From Anne G. Shaw 
The Purpose and Practice of Motion Study. (Courtesy Columbine Press, London Eng 
land.) ' 5 


and should be eliminated. Because such changes and eliminations are 
probable, the time spent in analyzing a particular step in the process may 

well have been wasted on "improving” an unnecessary job or operation_ 

one that may later be changed or eliminated. 

The first step in any program of work improvement, then, is to analyze 
the overall process using the process chart and flow diagram. 

Process Chart. Simply stated, the process chart is a recording device 
on which the various parts or steps in a process are noted and later studied. 
The chart can be made on a blank sheet of paper, but for ease of con¬ 
struction, a form similar to Figure 19.3 may be used. The heading of the 
form may provide various types of information to identify the study, 
whereas the body of the form provides spaces for time, distance, symbols, 
and descriptive notes. Figure 19.3 is a process chart of the actual shipping 
procedures employed by a midwestern manufacturing plant. 

Why the Process Chart is Used. Writing the steps in a process down 
on a piece of paper serves to place them in their logical sequence. Record¬ 
ing them prevents entirely forgetting a particular step or forgetting the 
sequence in which it occurs. Then, once the steps in a job are recorded, 
each one can be subjected to a searching analysis. "Is this step actually 
necessary in order to get the overall process performed?" "Can it be 
eliminated entirely from the job?” These and similar questions are asked 
about each step in the entire process. By systematically examining each 
step in this manner, real and worthwhile improvements can be made. 
Work can be reduced; time can be saved; expenses can be cut. 
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Figure 19.3. Process chart of old method of shipping cartons of printed forms. 
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Steps in a Process. Basically, the parts of any process can be broken 
down into five components: (1) operations, (2) transportations, (3) de¬ 
lays, (4) storages, and (5) inspections. 

An operation consists of doing something to a part or product in one 
location. For example, placing a top on a jar is an operation. Painting 
a table, typing a letter, turning a part on a lathe, and putting a nut on a 
bolt are all operations. 

A transportation exists whenever something is moved from one location 
to another. If an employee walks from a workbench to a storeroom, this 
is a transportation. Material being moved from the finishing department 
to the inspection department would be classified as a transportation irre¬ 
spective of whether it is being carried by an employee, or is being trans¬ 
ported on a conveyor or some other device. 

A delay occurs whenever something stops or delays the process. A piece 
of correspondence waiting on a desk for signature and a part waiting 
to be moved to another location would be classified as delays. When an 
employee is moving an item from one place to another and this move¬ 
ment is interrupted because he has to wait for the elevator, a delay occurs. 

A storage consists of storing a part or product in order to prevent un¬ 
authorized use. Canned goods on a shelf in a grocery store are in storage, 
as are parts in a stockroom bin. Thus, storage is not a delay but may be 
a regular part of the overall process. 

An inspection is what the word implies. It may be either a quantity 
or a quality inspection. An operator checking the weight of a bag of 
cement would be classified as an inspection, as would an employee check¬ 
ing the hardness of a piece of steel. 

Process Chart Symbols. By using the above components, any process 
can be broken down quickly and easily into the basic steps involved. To 
save time in writing and for ease of recognition, thes6 components are 
often written symbolically. The symbols recommended by the American 
Society of Mechanical Engineers are: 

- Operation 


i=> 


Transportation 


Y) = Delay 
\7 = Storage 


J = Inspection 
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Bv using these symbols and briefly describing the steps in a process, 
ch time can be saved in constructing a process chart. If, for example, 
mU cess chart is being made of a person and one step in the job calls for 
V^operator to walk 35 feet to lhe slockroom ’ ste P is q uickl Y recorded 
C the chart by drawing an arrow, recording the distance in feet, and 
noting on the chart, "To stockroom." 

Where a Process Chart is Used. A process chart may be made of any 
ocess. It is not confined to what a person does, but may be applied 
P lso to a part or product. For example, in a manufacturing plant, a 
3 ocess chart could be made of the janitor going about his cleaning ac¬ 
tivities. In this particular instance, everything that the janitor does is 
oted on the chart—each of his operations, delays, transportations (walks), 
and inspections. This would be a process chart of what the person does. 

Likewise, a process chart can be made of a product and what happens 
to it in the process of manufacture. In a dairy, for example, a milk bottle 
could be used as the subject of a process chart. Thus, a chart of the steps 
the bottle goes through might include a transportation, “to sterilizer*’; 
an operation, “sterilized*'; an inspection, “checked for cracks*'; and a 
transportation, "to bottling machine." This process chart of a milk bottle 
does not include what the machine operators are doing, but only what 
happens to the milk bottle. 

Constructing a Process Chart. A process chart can be easily con¬ 
structed on either a blank sheet of paper or a form similar to those illus¬ 
trated. It is a simple task and consists in following the person (or product) 


being studied, and noting and classifying on the chart everything that 
happens to the person. For example, if an operator carries a part to the 
inspection department to be inspected, you would (1) draw an arrow on 
the chart because this is a transportation, (2) note the distance involved, 
say, 35 feet, and (3) describe the step on the chart as "carry part to inspec¬ 
tion department." If the operator waited for the part to be inspected, 
you would draw a “D" (for delay) and note that the operator “waited 
for the part to be inspected." Thus, every step in a process is recorded 
so that it can be analyzed and studied later. If desirable, the time taken 
to perform each of the steps may also be recorded, though the usual pro¬ 
cedure is to omit time at this stage of study. 


Analyzing the Process Chart. After a chart is made of the process, 
each recorded step is subjected to a rigorous questioning procedure. Ques¬ 
tions similar to the following are asked about each step in the process, 
keeping in mind the possibility of 
—eliminating the step, 

—combining it with another step, 

—performing it at another and better place or time, and 
—simplifying the step. 
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Questions About Each Step. 

1. What is being done? Is it necessary? Why? 

2. Who is doing it? Can someone else do it better, easier? Why? 

3. Why is it being done? Can it be eliminated or perhaps be shortened in 
duration or reduced in scope? 

4. When is it done? Can it be performed at a better time in the sequence? 
Why not? 

5. Where is it done? Can it be done easier at another location? Why? 

6. How is it being done? Can it be done more easily? Can it be combined 
with another step? 

In addition to the above general questions, specific questions similar to 
the following are asked about each component: 

Operations. 

1. Have conditions changed making this operation unnecessary? Can it be 
eliminated? 

2. Can it be performed more easily at another place in the process—perhaps 
during the idle time of another operator? 

3. Can it be performed more easily at a different work place—perhaps on a 
table, conveyor, or rack? 

4. Can it be performed more easily and quickly by another operator or per¬ 
son? 

5. Can material be purchased that would eliminate or reduce the effort in¬ 
volved in this operation? 

Transportations. 

1. Can the previous operation and the succeeding operation be combined 
or eliminated thereby making this transportation unnecessary? 

2. Can work areas be rearranged so as to eliminate or shorten this trans¬ 
portation? 

3. Can some material handling device (conveyor, cart, etc.) make it easier to 
handle and shorten the time required to make the move? 

4. Can gravity conveyors, chutes, etc. be employed to shorten distance or 
time? 

5. Can special equipment be relocated to eliminate or shorten the trans¬ 
portation? 

6. Can a new layout be developed for the area that would eliminate or ma¬ 
terially reduce the transportations involved? 

Inspections. 

1. Is inspection necessary? Can it be eliminated completely? 

2. Is the inspection necessary at this point for completion of the productive 
process? Can it be performed more easily at a later time? 

3. Can any of the inspection requirements be eliminated or reduced to 
shorten the inspection time or eliminate it? 
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, Can inspection be performed in combination with another step? During 
' a n operator’s idle time? 

5 Can a mechanical or electronic inspection device be employed, thus elun- 
inating the operator’s time and effort? 


Storages. 

1 Does this storage aid in the overall productive process (such as aging 
* tobacco or wine)? If not, can it be eliminated? 

2 Do subsequent operations bottleneck the material thus making storage 
necessary? If so, can the bottleneck be eliminated? 

3 Can the storage time be reduced or eliminated by better planning and a 
better balance of the subsequent operations? 

4 Can the steps immediately preceding and following the storage be elimi¬ 
nated, thus obviating the necessity for the storage? 


Delays. 

1 . Does the delay occur with any degree of regularity? If so. can the cause 
be controlled to prevent recurrence? 

2. Can mechanical controls, electric signals, or other apparatus be effec¬ 
tively used to eliminate this delay? 

Although the questions above are by no means a complete set. the list does 
suggest the type of reasoning and questioning that should be applied to 
the various steps recorded on a process chart. 

Flow Diagrams. In conjunction with the process chart, a flow dia¬ 
gram is often used. A flow diagram is a pictorial presentation of the 
movement of persons or products described on the process chart. Essen¬ 
tially, the flow diagram is a map of the work area involved, showing the 
various operations, transportations, inspections, delays, and storages that 
occur during the process. 

A flow diagram showing the original method of shipping material illus¬ 
trated by the process chart on page 395 is indicated in Figure 19.4. You 
will note that the symbol representing a particular step in the process 
(such as storage) is placed on the flow diagram at the location at which 
the step occurs. In this illustration, for example, the third step on the 
process chart (the operation of gluing the carton) is indicated on the flow 
diagram by a circle (the symbol for an operation) at the exact spot where 
the gluing operation took place. Numbers corresponding to the step 
number on the process chart can be placed inside these symbols for easy 
reference and identification. 

By analyzing the process chart and flow diagram illustrated in Figures 
19.3 and 19.4 and applying the type of reasoning indicated by the preced¬ 
ing list of check questions, a new method for shipping material was 
devised. A process chart and a flow diagram of the improved method are 
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shown in Figures 19.5 and 19.6. Note the saving shown in the summary 
that could be realized by performing this task using the improved method. 

Analyzing this shipping room function with a process chart pointed to 
a possible reduction in manual labor that enabled this company to reduce 
the work force in the shipping room and save $4,200 annually. 

Process charts and flow diagrams are very simple yet effective tools of 
analysis. They are of particular value in establishing the overall sequence 
of operations and in determining the best layout for an economical and 
effective flow of materials. They present a clear picture of a process and 
are very effective tools for studying and improving a complex job. Both 
charts are particularly useful in: 

1. Effectively locating work areas. 

2. Establishing the best sequence of operations. 

3. Eliminating unnecessary work. 

4. Pointing out idle times and delays. 

5. Establishing a better layout for an effective flow of material. 

6. Suggesting means of eliminating ill-directed effort. 

7. Reducing the number of steps in a process. 

8. Making the remaining steps as economical as feasible. 
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Figure 19.6. Flow diagram of proposed method of shipping carton* of printed forms. 
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9 Reducing materials handling. 

10 . Decreasing the distance mater.al is moved. 

w t0 study a Process. In undertaking the study of a process in 
order to simplify it, the following steps and suggestions have been found 
to be quite useful: 

1 Determine the process to be studied. Choose definite starting and stop- 

2 Make^process chart of the work as it is currently being performed. Be 

' sure that no steps are omitted. 

, construct a flow diagram of the process, showing the steps, path of move- 
ment of materials or persons, and indicate relationships. 

Analyze the process chart and flow diagram. Question each step. Deter- 
mine the validity of each step or element in the process. Devise a better 
method of performing the work. 

r construct a process chart and How diagram of the proposed way of per- 
forming the work, establishing proper relationship between departments 
and steps. Take particular care to find the shortest, easiest route. 

6. Test the new method to assure its effectiveness. 

T. Instruct the operators and others concerned and put the new method 
into effect. 

Motion Analysis. In their analysis of work methods, the Gilbreths 
developed and used many rules of motion economy which have been ex¬ 
panded by subsequent writers. They are widely employed today by motion 
and time study analysts, and are a basic part of any motion study proce- 

dU In most jobs, the greater part of the work is performed with the hands. 
Many people when observing the work of operators watch the product of 
manufacture rather than the way in which the work is performed—that is 
they watch what is being made rather than the motions used in performing 
the work. If, instead of watching the product, we observe the worker's 
motions, a great many wasted and nonproductive movements can be iden¬ 
tified easily. 

Employing human effort more productively is one of the major aims 
of motion study. To help reach this objective, the good motion analyst 
makes the following rules an active part of his working knowledge. They 
are not regarded by him as a check list for occasional reference, but are 
used by him as vital "tools” for methods improvement work. 

As you read these rules, remember that they apply to all work regard¬ 
less of where it is performed. They can be used to improve the procedures 
in a hospital, the way a dentist works, the motions employed in greasing 
a car, or the work performed in assembling a watch. 
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RULES of 
MOTION ECONOMY" 

Rules Pertaining to the Use of the Human Body • 

1. There should be a balanced distribution of work between the two 
hands so that they begin as well as end their work at the same time. 

2. Both hands should not be idle during the same period of time, ex¬ 
cept for rest periods. 

3. The work of the two hands should follow opposite and symmetrical 

motion patterns. 

Most untrained workers employ the hands alternately to perform a job 
—using first one hand, then the other. This creates an unbalanced condi¬ 
tion in which one of the hands is idle or nonproductive while the other 
hand works. For example, if an average person who is not motion con¬ 
scious is given the job of picking up and packing five items (a bracket, a 
nut, a bolt, a washer, and a clamp) in a box, he will probably employ first 
one hand then the other to alternately pick up and place the parts in the 
container—or he may even pick up each part individually with the same 
hand. Such a work pattern is time consuming and results in an uneco¬ 
nomical use of the hands. 

An analogous situation would be employing two men, one to mow your 
lawn and one to weed your shrubbery. You do not expect one to mow 
while the other watches; nor do you expect the "weeder" to dig weeds 
while the "mower" watches. Instead, the two men are expected to work 
together at the same time to accomplish the task economically. In the 
same fashion, the two hands should work together productively at the 
same time, with a balanced distribution of work between the two. 

As indicated in rule 3, moving the arms in opposite and symmetrical 
directions is the most natural movement. In fact, the logic of this rule 
can be "felt" if you will join your hands and move them first to the left, 
then to the center, and finally to the right of your body. Next, disjoin 
your hands and move them through equal and opposite motion paths, that 
is, first, move the left hand to the left of your body and simultaneously 
move the right hand to your right side. The freedom and ease with which 
the two hands move through opposite and symmetrical motions is readily 
felt. It is an easier, more natural motion. 

4. The lowest practical and usable classification of body motions should 
be employed. 

7 Adapted with permission from Ralph M. Bames, Motion and Time Study, Fourth 
Edition (New York: John Wiley & Sons. Inc. 1958), p. 214. 
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Body motions used by most workers may be classified as follows, pro- 
gressing from the simplest: 

1 . Finger motions. 

2. Motions employing fingers and wrist. 

3 . Motions employing fingers, wrist, and forearm. 

4 . Motions employing fingers, wrist, forearm, and upperarm. 

5 Motions employing fingers, wrist, forearm, upperarm, and shoulder. This 
may also include a back movement and result in a change in posture. 

Motions should be kept as simple as possible, using the lowest classifica¬ 
tion feasible, because such motions usually can be performed quicker with 
less fatigue. This is not to say that simple finger motions are always prefer¬ 
able to finger and wrist motions. In writing, for example, it is frequently 
more fatiguing to use only the fingers rather than to use the fingers, wrist, 
and possibly the forearm. The main idea in this principle is to study the 
motion necessary and reduce it to the minimum practical class. 

5 Maximum use should be made of the momentum developed by 
body motions. If the momentum cannot be effectively used but must be 
overcome by muscular action, every effort should be made to eliminate or 
reduce the momentum. 

This principle advocates the utilization of the energy generated by any 
movement. In his early studies of bricklaying, for example, Gilbreth found 
that if the bricks were conveyed from the stock platform or pack to the 
wall with no stops, the momentum could be made to do valuable work 
by assisting to shove the joints full of mortar. 

There are situations, of course, where the momentum cannot be em¬ 
ployed. In these instances, the actions causing the momentum should be 
studied for possible elimination or reduction. For example, a shorter path 
of travel may reduce momentum. 

6 . Smooth flowing motions produce less fatigue and are preferable to 
short motions involving stops and changes in direction. 

Smooth flowing motions are similar to the motions used in drawing a 
large S; the S is made in a continuous, flowing, nonangular movement. 
Printing a large N, on the other hand, requires stops and changes in direc¬ 
tion. These stops and changes in direction require muscular action to 
stop the direction of movement causing unnecessary fatigue as well as 
consuming extra time. Such motions, therefore, should be reduced to an 
absolute minimum. 


7 . Ballistic movements arc easier, faster, and more accurate than con¬ 
trolled movements. 

Professor Barnes describing this principle * indicates that voluntary 
movements are of two types: (1) the fixation or controlled movement 


8 Ibid., pp. 242 - 43 . 
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employing counteracting or opposing groups of muscles, and (2) the ballis¬ 
tic movement which is controlled by an initial impulse and cannot be j 
changed once it is under way. 

He illustrates the fixation movement as the one required to write, 
using the fingers and thumb, where the.muscles of the fingers push against 
each other to determine the motion of the pencil and its direction. Obvi- 
ously this is a fatiguing motion. 

Barnes represents ballistic movements, on the other hand, as those 
required to drive a nail or swing a golf club. They are faster, more nearly 
accurate, and less fatiguing than fixation movements, according to him. 

In a ballistic movement, the movement is initially activated by an impulse 
and cannot be changed once under way. It can be stopped, of course, 
either by opposing muscles, by a fixed obstacle, or by dissipation of the 
momentum. He points out that in driving a nail, for example, the skilled 
carpenter throws or swings the hammer at the nail and contracts his 
muscles only during the first part of the cycle—that his muscles idle 
or coast the balance of the way. Because this resting action results in 
less fatigue, the ballistic motion is preferred where feasible. 

8. A motion sequence employing rhythm and automaticity is less fatigu¬ 
ing and more productive. 

Rhythm and autoihaticity go together in a complementary fashion. 

In fact, it is often difficult to tell where the effects of one begin and the 
other leave off. When jobs are developed employing rhythm and auto- 
maticity, less conscious effort is exerted and less fatigue results. 

Most of us have performed some type of job that at first seemed diffi¬ 
cult. but as soon as we "got the hang of it" or developed a sense of timing 
and rhythm, the job became second nature or automatic and was easily 
accomplished. Practically everyone ties his shoe laces without thinking, 
using definite recurring movements. It is performed with positive rhythm 
and automaticity. 

Rules Pertaining to the Arrangement of the Work Place 

9. Tools and materials should have a definite location and should be 
conveniently located for easy accessibility. 

This rule can be restated in three words: the logic of location. This 
commonplace saying means exactly what it says. Tools, materials, and 
other necessities should have a definite and fixed storage place so the 
operator will not waste time looking for *he desired item. Having a place 
for everything and everything in its place should enable the operator to 
reach for a part. tool, or other device without thinking. Thus, the mind 
is not forced to ask. ' Where is the screwdriver," nor are the eyes required 
to search and find the required tool. 

Having the material within reach of the operator is not enough It 
should be located in the most convenient and easily accessible point for 
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Figure 19.7. A compact work 
area with a place designated 
for each part. Note pre posi¬ 
tioned pneumatic screwdriver 

in employee’* right hand. 



the operator. Those tools and materials used most frequently should be 
in the most convenient and easily accessible position for the operator. 

10. Tools, materials , and actuating devices should be easily accessible 
and as close’as practical to the work area. 

Designers of industrial machines are now realizing that an efficient 
product can be produced with the controls in easy reach of the operator. 
Accordingly, some modern producers of capital goods are manufacturing 
products that are far superior to their counterparts a decade or more ago. 
In similar fashion, materials and parts should be located on the bench 
in front of the operator within his normal work range. 

The normal work area is that area immediately in front of an operator 
in which work can be performed by the hands and arms using the lower 
classes of motions. Figure 19.9 illustrates the maximum area of work, 
bounded by the maximum distance the right and left hands can reach. 
This maximum work area is formed by moving the outstretched or ex¬ 
tended arms from left to right. 

The average or normal work area shown in Figure 19.9 is also bounded 
by arcs. This area, however, is formed by maintaining the elbow at the 
operator's side and, using the elbow as the center point, moving the lower 
arm and hand from left to right. 

The most effective work area is generally that bounded by the normal 
arcs and immediately in front of the operator. In this area the hands 
can work in a more nearly normal position without extending the arms, 
and the lowest class of motions can be most easily employed. 

With an area thus laid out by the normal and maximum reach of the 
arms, work should, insofar as possible, be arranged so that the move¬ 
ments of the operator will not project beyond the bounds of the normal 
work area, and preferably remain in the most effective work area. 

The same reasoning employed in finding the most efficient horizorilal 
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Figure 19 8. A horiiontal milling machine with controls in easy reach of the operator. 

tCourtay Kearney ir Trecker Corp.f 


work area, however, also applies lo finding the most effective vertical work 
space. 

11. Gravity feed bins should be employed wherever practicable to make 
the parts easily accessible to the worker. 

Several gravity feed bins are illustrated in Figure 19.10. Note that 
these bins have sloping bottoms which cause the parts in them to slide 
by gravity toward the lip or tray of the bin where they can be easily 
grasped. This feature relieves the operator of the unproductive motions 
involved in reaching down into a container to secure a part. Many sizes 
and shapes of bins are in use today. A great variety are manufactured 
by companies which specialize in containers and almost any combination 
can be arranged to fit a particular job. 

12. Use drop deliveries where possible. 

By drop delivery we mean dropping the part into a chute or on a con- 
veyor as close to the point of assembly as possible so that gravity can be 
employed rather than the hands to get the part to its destination. If a fix¬ 
ture is employed to hold the part, it should be designed so that the part 
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Figure 19.9. Normal and maximum work areas in horizontal and vertical planes. 


will automatically drop out and onto a chute after work is completed on 
it. This relieves the hands of performing nonproductive work. 

13. Tools and material should be located so as to employ the best 
possible sequence of motions. 

Usually the best sequence for the arrangement of materials and tools 
is the order in which they will be used, with the first required part located 
adjacent to the point of disposal of the completed assembly. From this 
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IQ 10 Portable gravity (cetl bins that can be quickly rearranged to provide a 
K (^workplace Uy^uu lor acc« «o pom. (Co„r,„y N«.i«r Corp, 


poim locating the materials and tools in the order of their use establishes 
a proper locational sequence which allows the operator to perform the 
motion without conscious mental effort. Securing the parts becomes auto- 
matic and rhythmical. 

14. Good illumination should be provided for adequate seem g and 

rood, perception. . 

This principle, though obvious, is often overlooked by industry. The 

effects of good illumination are fully discussed in Chapter 10. 

15 The height of the work place and chair should be such that the 
operator can either s,t or stand in performing h,s work 

The intent of this principle is to rest certain muscles by changing from 
a sitting to a standing position or vice versa. The effect on the operator 
is to produce less fatigue. 

16. Operators should be provided chairs that will make good posture 


P Sitting in an improperly designed chair is quite tiring fatiguing, and 
conducive to low productivity. Operators, therefore, should be given well 
built chairs that are adjustable as to height, have adjustable backs, and 


have comfortable form-fitting seats. 
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Rules Pertaining to the Design of Tools and Equipment 

17 The hands should not perform any work that can be done more 
effectively by a jig, fixture, or foot-operated device. 

The hands should always be relieved of any work that can be done by 
ther body members. The effect is to free the hands of performing essen- 
dal tasks but tasks which do not actually accomplish. The common tran¬ 
scribing machine used by stenographers illustrates this rule. Instead of 
• terrupting the typing work of the hands to start and stop the transcrip¬ 
tion the activating pedals are placed on the floor so that the feet can stop, 
tart and replay the dictated record. In industrial situations the applica¬ 
tion of this rule is illustrated by foot levers used to activate machines, 
thereby freeing the hands to place parts on the machines and do other 
more useful work (see Figure 19.11). 

18 Wherever practicable two or more tools should be combined. 

This principle is illustrated by the common pencil with eraser and by 

the claw hammer. The advantage of combining tools is readily recognized 
in that it eliminates the nonproductive motions involved in finding, pick¬ 
ing up, and replacing a second tool. 


Figure 19.11. This foot-oper¬ 
ated control frees employee’s 
hands for more productive 
work. Note use of gravity 
feed bins. (Courtesy Nestier 
Corp.) 
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Fieure 19.12. Six lools hare been combined into one lo make up thi* machine which 
simultaneously assembles six automobile engine bolls on the rocker arm cover. (Cour- 
lay of Ingersoll-Rand.) 



19. Tools and material should be pre positioned where possible and 
located close to the work area. 

Pre-positioning refers to placing an object or tool in such a manner 
that it will be in a position ready for use when next required. The pre- 
positioning of tools at fixed stations eliminates the nonproductive effort 
involved in looking for tools. Locating them as close to the point of use 
as practicable reduces the transport time. 

In general, positioning devices consist of brackets, collars, wells, or 
suspension jigs into which the tool may be quickly and easily placed and 
removed. Historically, one of the earliest evidences of pre-positioning 
tools is that of an ax wedged in a chop block (versus lying on the ground) 
in such a manner that the handle could be grasped and ready for the next 
chore of chopping wood. Another common example is the desk-set pen 
holder where the pen is in writing position at all times. 

20. Handles on tools and cranks should be designed to permit maxi¬ 
mum contact with the hand, particularly where force is exerted. 

When the pressure from a work load is distributed over a maximum 
area of the hand, fatigue is at a minimum. Consider, for example, how 
tiring it is to carry a heavily loaded bucket by its wire-like handle. Or 
how difficult it is to tighten a screw in a piece of hardwood with a hand 
screwdriver which has a small handle. Recognizing this principle, we 
should design and use cranks, tools, and handles that will allow maximum 
contact with the hand. 
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TAYLOR AND THE 
GILBRETHS 

The work of Frederick W. Taylor and'Frank and Lillian Gilbreth has 
had significant impact on methods improvement as we know it today. 
Many of the principles and procedures developed by them are still being 

effectively used. 

In this chapter we have discussed some of the techniques and rules 
used by them to develop better work methods—rules to make work easier 
and simpler. In the following chapter we shall examine in detail some 
of the more refined techniques currently being used to effectively employ 
human efforts. 


STUDY QUESTIONS 


1 What is the objective of motion study? Time study? Define each. 

2. What part did Frederick W. Taylor and Frank Gilbreth play in developing 
motion and time study? 

3. What is a cyclegraph and how it is used? A microchronometer? 

4 What is a process chart and why is it used? What advantage is it to write down 
the steps in# job? ( 

5. How can a flow diagram aid in the analysis of a work process? 

6. Illustrate the five components under which all work can be classified. 

7. If you were starting a work simplification study of a process, how would you 
go about it? What steps would you follow? 

8. If you could use only five of the rules of motion economy, which five would 
you choose to be most productive? Why? 

9. Is the movement involving the least muscular activity and the lowest classifi¬ 
cation of body motions the best and least fatiguing motion? Why? 

10. Would it be economical to study every process using the process chart and 
flow diagram as tools of analysis? Why? 
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WORK 

SIMPLIFICATION 

20 


In the previous chapter we looked at some of the devices 
developed by the pioneers in the field of motion study to 
help find easier, simpler, and safer ways to do work. These 
techniques, of course, could never improve a job in them¬ 
selves. Instead, they cause us to focus attention on certain 
aspects of a job so that we can analyze them more carefully. 
By doing this, we often recognize new possibilities for mak¬ 
ing the work easier, safer, and more productive. 


NO ONE BEST WAY 


The question often arises concerning whether or not a job 
that has been studied by an individual using, say, the process 
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chart and flow diagram can be studied again using the same technique. 
The answer is yes. We never find the one best way. The better way that 
we devise today is an improvement over yesterday’s best. Each new 
method that we install is an improvement over what another person 
thought was ideal. Methods improvement is not a •‘one-shot" application, 
but instead, is a continuing approach used by management to help utilize 
and control human effort. Thus, the application of motion and time study 
to improving human work is a constant thing. Although the loom is essen¬ 
tially the same today as it was 100 years ago. we still have methods im¬ 
provement applications being made daily in our textile plants to achieve 
better utilization of labor in running these looms. 

In the previous chapter we examined two tools of analysis, the process 
chart and the flow diagram. As we discovered, these two tools are used 
mainly to study the process as a whole. However, after we have studied 
the overall process, eliminated the unnecessary jobs, and placed the re¬ 
maining ones in the best sequence, we are still interested in simplifying 
the work we have left. When we examine the jobs still being performed, 
we will find that they generally fall into one of three classifications. They 
will consist of: (1) men working together in groups or teams, (2) men 
working with machines, or (S) men working alone. In each of these work 
situations, techniques have been developed to help us analyze the job 
and simplify the work. The purpose of this chapter is to examine these 
techniques and see how we can apply them to better control labor costs. 


MULTIPLE-ACTIVITY 

ANALYSIS 

Where men work in groups or teams we have the problem of coordinating 
their activities so that they work together effectively. If we observe what 
they are doing, we may see, for example, that several men often have to 
wait for other members of the team to catch up with them in their work. 
Indeed, this is not at all uncommon with a group of men unloading a 
box car. Inasmuch as such delays occur, we ask ourselves whether or not 
we have the best balanced team. Could we, for example, add another 
employee to the team and make for greater productivity at lower cost- 
or would taking away one or two members be more expedient? Not many 
of us are capable of answering this question by merely observing the team; 
therefore, to help analyze such work problems, we use a multiple-activity 

chart. . 

The multiple-activity chart consists of a sheet of paper ruled into 
columns with the work of each individual listed in a separate column. 
A time scale runs down the side of the chart so that we can plot what a 
person is doing in relation to how long he takes to do it. Thus, the 



WORK SIMPLIFICATION 


417 


Inactivity chart is a record of the simultaneous work performed 
h mployees working together as a team. By having the activities listed 
ide by side in their correct time relationship, we can study their simul¬ 
taneous effect. Figure 20.1 illustrates a multiple-activity chart of the work 
rformed by a team of nurses and doctors. By thus recording what each 
** n on a team is doing, a systematic study can be made of the work 
•order to effect a better work balance among employees and help reduce 
idle time. A multiple-activity chart is. in effect, a picture of what a team 
of men is doing to accomplish a task. 

With this picture we can study each step performed by an employee 
and question its value. Can it be eliminated? Can it be combined with 
another step for more effective operation? Would it be better if it were 
formed by another member of the team? These and similar questions 
are asked about each man’s work. In doing this, we are asking the same 
questions and applying the same type of reasoning as that previously sug¬ 
gested in the analysis of process charts. This systematic study often results 
in an improved work balance. Figure 20.2, for example, illustrates the 
improved method that was developed after analyzing the multiple-activity 
chart in Figure 20.1. Note that the overall time between operations was 
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Figure 20.1. Multiple activity chart of work as originally performed by doctors and 
nurses. (Constructed with cooperation of Dean R. J. Parden.) 
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Figure 205. Multiple activity chart showing improved work balance among doctors 
Jd nurses. Note the reduction in time from 45 to 22 minutes. (Constructed with the 
cooperation 0 / Dean R. J. Parden.) 


reduced by 51 percent, thereby allowing for better utilization of the 
physical facilities of the operating room as well as the skills and abilities 
of the surgeons and nurses. 


MAN-MACHINE ANALYSIS 


Quite often in analyzing steps in a process, situations are encountered 
where men and machines work together. There are many examples of 
this type of work: an automatic home washer and dryer, a pop up toaster, 
and an automatic screw machine, to name a few. In each .nstance, the 
operator supplies the machine with the necessary raw material, starts the 
machine, makes adjustments when necessary, usually waits for the machine 
to do its work, and removes the finished product. In general, the machine 
is idle while the operator removes the finished work and reloads it for 
the next cycle, and the operator is idle while the machine is running 
These idle times for the operator and the machine may be costly an^ 
it is often desirable, therefore, to reduce diem to a minimum. Man- 


machine charts help achieve this objective. 

The man-machine chart is a record of the simultaneous actmues 
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and machines. It is similar to the multiple-activity chart except that 
^^work done by a machine is also listed in a separate column. Its pur- 
is to facilitate the study of the work performed so as to arrive at a 
better distribution of work between the man and the machine. By analyz- 
these charts, we may find, for example, that one man can easily run 
three machines, or a man-machine study may show that we need two men 
to operate one machine effectively. 

Fieure 20.3 illustrates a man-machine chart of an ordinary duplicating 
machine operation. We can see from the chart that the operator waited 
a total of .40 of a minute during each cycle, and that the machine was 



Figure 203. Man-machine chart of original method of operating duplicating machine. 
(Constructed with cooperation of Dean R. J. Parden.) 
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idle .90 of a minute in each cycle. The purpose of the man-machine chart 
is to point out these idle times so that a study can be made to reduce or 
eliminate them. In analyzing the man-machine chart, we ask the same 
type questions that we considered in process analysis: 

' 1. Can any elements or operations be eliminated? 

2. Can any element be combined with another element resulting in a short¬ 
ened procedure? 

3. Is there any way to simplify any of the operations so that they can be per¬ 
formed more easily? 

/ 

Considering the man-machine relationship, we can ask the following 
types of questions: 

1. Can the cycle be rearranged so that handwork can be performed during 
the machine’s running time? That is, move a man-working element 
opposite a machine-working element. 

2. Can the machine running time be shortened? 

3. Can the time required to load or unload the machine be reduced by 
using a quick-change holder or a similar device? 

By applying this type of questioning analysis to the chart in Figure 20.3, 
we found that step number 2, "coat master with solution,” could be per¬ 
formed prior to placing the master on the machine. Coating the master 
required .35 of a minute and could, therefore, be accomplished during 
the operator's idle time of .40 a minute. 

Figure 20.4 illustrates the duplicating operation employing the new 
procedure. Note that the master, which has already been coated, is placed 
on the machine and the machine started immediately, thereby reducing 
its idle time. Note also that the operator’s idle time has been reduced 
from .40 of a minute to .05 of a minute by coating the master for the next 
cycle during the time previously idle by the operator. 

By making a man-machine chart of this job and improving it as indi¬ 
cated, production was increased from 1,184 to 1,564 copies per hour, or 
an increase of 32 percent. Man-machine charts can be used to study any 
combination of men and machines—two men and six machines, one man 
and two machines, and so on—to develop a better method of performing 
the work, thereby gaining for management a greater control of labor costs. 


OPERATION ANALYSIS 

Where operators work independently of each other, management is like¬ 
wise interested in knowing whether or not the employee is performing 
his job in the most effective way. Here we want to study closely the work 
of an individual and thereby determine a better method of performing 
his job. To do this, we use operation analysis. In this type of analysis, 
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MAN-MACHINE CHART 



Figure 20.4. Man-machine chart of improved method of operating duplicating machine. 
(Constructed with cooperation of Dean R. J. Parden.) 


we analyze the steps in a job and the motions used by an employee to 
perform the steps. Here, perhaps more than anywhere else, the principles 
of motion economy discussed in the previous chapter are employed. 
Using these principles as guides, we can often develop a better and more 
economical method of performing an operation. The purpose, therefore, 
of operation analysis is to analyze the individual motions used by an em¬ 
ployee in order to find a simpler, more economical way of performing his 
job. To do this, we record the employee's hand motions and then sys¬ 
tematically attempt to eliminate the unnecessary motions, simplify the 
necessary motions, and arrange them in the best sequence. 
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To aid in this analysis, we can use an operation chart, sometimes called 
a left hand-right hand chart, similar to the one shown in Figure 20.5. The 
chart is a graphic portrayal of the work performed by the left and right 
hands in accomplishing a job. The same symbols employed in making 
process charts may be used in operation charts. 

Figure 20.5 illustrates the simultaneous work performed by the left and 
right hands in assembling a pipe clamp. The purpose of constructing an 
operation chart is to point out unbalanced work situations between the 
two hands so that these situations can be corrected, thereby making for 
less fatigue and greater productivity. For example, we can see from this 
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that the left hand is holding the^top and is, in effect, nonoperative 
firing practically the entire cycle. 

With operation charts, as with the other charts, we question each step, 
motion be eliminated or simplified? Can we eliminate or reduce 
^transportation? A delay? Can holding be eliminated by using a jig or 
fi ture? By thus questioning each part and applying the principles of 
^tion economy, we can often materially improve manual work. After 
j? pipe clamp assembly was analyzed, for example, an improved method, 
hown in Figure 20.6, was developed. Note that the two hands are now 
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Figure 20.6. Operation chart of proposed method of assembling pipe clamps. 
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productively employed in a balanced manner and that the output has 
been doubled with no increase in the number of steps in the job. 


MICROMOTION 

analysis 

We have just seen how we can establish a better balance of work between 
the two hands by using the operation chart. This chart, however, does' 
not make it possible for us to observe and time relatively quick hand 
motions so that they, too, can be studied and improved. This can be 
achieved, however, by using micromotion analysis, a technique consisting 
of taking motion pictures of operations and later analyzing them for 
method and time. 

The principal advantage of micromotion analysis is that the motion 
picture film allows us to get as much detail as we desire about motions, 
as well as the time required to perform them. Micromotion analysis is 
a much more accurate and flexible tool of analysis than the pencil and 
paper techniques we have been studying. At the same time, however, it 
is a much more expensive tool and, as a result, its use is confined mainly 
to highly repetitive hand operations of relatively short duration. 

Therbligs. When we start analyzing the minute motions of the hands, 
we find that the classifications previously used (operation, transportation, 
delay, inspection, and storage) are too broad. Accordingly, we classify 
all hand motions under one of the seventeen categories illustrated in 
Table 20.1. These basic or fundamental hand motions are called therbligs 
(Gilbreth spelled backwards with the th transposed) for Gilbreth who 
first identified and used them in analyzing his early motion picture films. 
Using therbligs, the operation of picking up and moving a pencil would 
consist of: transport empty (reach hand for pencil), gTasp (the pencil), 
and transport loaded (move the pencil). 

Perhaps you are wondering why such minute analyses and descriptions 
of hand motions are necessary. First of all. when we recognize and classify 
these minute motions we become conscious of them and, utilizing the 
questioning approach, tend to discard the ineffective ones. A second rea¬ 
son we use therbligs is that they enable us to describe jobs in writing in 
such a manner that we know precisely what the worker does. Thus in 
written form, a therblig analysis can clearly spell out what a job consists 
of, serve as a written record of how the job should be performed, and 
may aid in training new employees. Finally, inasmuch as therbligs are 
universal in manual work, an improvement in therbligs used in one task 
can often be transferred to another job. 
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TABLE 20.1. Therblig Definitions and Symbols* 


Therblig 

Symbol 

Definition 

-- urasp 

G 

Begins when hand or 
body member touches 
an object. 

Consists of gaining con¬ 
trol of an object. 

Ends when control is 
gained. 

Position 

P 

Begins when hand or 
body member causes 
part to begin to line 
up or locate. 

Consists of hand or body 
member causing part 
to line up. orient, or 
change position. 

Ends when body mem¬ 
ber has part lined up. 

Pre¬ 

PP 

Same as position except 

position 


used when line up is 
previous to use of part 
or tool in another 


✓ 

place. 

Use 

U 

Begins when hand or 
body member actually 
begins to manipulate 
tool or control. 

Consists of applying tool 



or manipulating con¬ 
trol. 

Ends when hand or body 
member ceases manip¬ 
ulating tool or control. 

Assemble 

A 

Begins when the hand or 
body member causes 
pans to begin to go 
together. 

Consists of actual assem¬ 
bly of parts. 

Ends when hand or body 
member has caused 
parts to go together. 

Disassem¬ 

DA 

Begins when hand or 

ble 


body member causes 
parts that were integral 
to begin to separate. 

Consists of taking objects 
apart. 

Ends when hand or body 
member has caused 
complete separation. 


•From Marvin E. Mundel, Motion and Time Study, Principles and Practices. 4th ed. 
(Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1970). 
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TABLE 20.1. Continued 


Therblig 

Symbol 

Definition 

* Release 

load 

RL 

Begins when hand or 
body member begins 
to relax control of ob¬ 
ject. 

Consists of letting go of 
an object. 

Ends when hand or body 
member has lost con¬ 
tact with object. 

Transport 

empty 

TE 

Begins when hand or 
body member begins 
to move without load. 

Consists of reaching for 
something. 

Ends when hand or body 
member touches part 
or stops moving. 

Transport 

loaded 

. TL 

Begins when hand or 
body member begins 
to move with an- ob¬ 
ject. 

Consists of hand or body 
member changing lo¬ 
cation of an object. 

Ends when hand or body . 
member carrying ob¬ 
ject arrives at general 
destination or move¬ 
ment ceases. 

Search 

SH 

Begins when hand or 
body member gropes 
or hunts for part. 

Consists of attempting 
to find an object. 

Ends when hand or body 
member has found lo¬ 
cation of object. 

Select 

ST 

Begins when hand or 
body member touches 
several objects. 

Consists of locating an 
individual object from 
a group. , 

Ends when the hand or 
body member has lo- \ 

cated individual object. ' 

Hold 

H 

Begins when movement 
of part or object, 
which hand or body 
member has under 
control, ceases. 
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TABLE 20.1. Continued 


Therblig 

Symbol 

Definition 



Consists of holding an 
' object in a fixed posi¬ 
tion and location. 

Ends with any move¬ 
ment. 

Unavoid¬ 

able 

delay 

UD 

Begins when hand or 
body member is idle. 

Consists of a delay for 
other body member or 
machine when delay is 
part of method. 

Ends when the hand or 
body member begins 
any work. 

Avoidable 

delay 

AD 

Begins when hand or 
body member deviates 
from standard method. 

Consists of some move¬ 
ment or idleness not 
part of method. 

Ends when hand or body 
member returns to 
standard routine. 

Rest for 
over¬ 
coming 
fatigue 

R 

Begins when hand or 
body member is idle. 

Consists of idleness which 
is part of cycle and 
necessary to overcome 
fatigue from previous 
work. 

Ends when hand or body 
member is able to 
work again. 




Plan 

PN 

Begins when hands or 
body members arc idle 
or making random 
movements while 

worker decides on 
course of action. 

Consists of determining 
a course of action. 

Ends when course of ac¬ 
tion is determined. 

Inspect 

I 

Begins when hand or 
body member begins 
to feel or view an ob¬ 
ject. 

Consists of determining 
a quality of an object. 

Ends when hand or body 
member has felt or 
seen an object. 
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Film analysis of film shown in Figure 20.7. From Mund'l, Mofion and 
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Film Analysis. After a motion picture has been made of a job and 
i the film processed, we then project the film one frame at a time and study 
the work being performed. Figure 20.7, for example, is a print of a few 
frames from a moving picture showing an operator assembling medicine, 
bottle dropper tops. Note the microchronometer in the lower right side 
of the picture, indicating time. A film analysis, shown in Figure 20.8, was 
prepared from this motion picture. Note the clock reading and therblig 
symbols used for both left and right hands on the film analysis sheet. 
Referring to the film, we see that in the third frame the operator finished 
assembling the top and started to move the finished part to the tray on 
her left. In this frame the clock reads 116. Note that on the first line of 
the film analysis this clock reading was recorded along with the therblig 
symbol for moving a part, TL (transport loaded). Continuing down the 
film, we see that moving or transporting the part is completed in frame 
seven, with the clock reading 124. The difference in these two times (124 
and 116) is 8 (actually % 0 oo of a minute since each division on the micro- 
chronometer is equal to % 0 oo °* a m * nule ) and this value is recorded in 
the time column opposite the TL performed by the left hand. In a like 
manner, the entire film is analyzed by therbligs. From this film analysis 
sheet, a simo chart is next constructed. 

Simo Chart. The simo chart (short for simultaneous-motion-cycle 
chart) is similar to an operation chart (left hand-right hand chart) except 
that time values are recorded and motions are classified by therbligs. Fig¬ 
ure 20.9 shows the simo chart constructed from the film analysis of assem¬ 
bling dropper-bottle caps. Note that at any one point we can determine 
what the two hands are doing in terms of therbligs. 

The simo chart, like the other charts, presents us with a picture of a 
job which we can study for possible improvements. Here again, each step 
is questioned and the principles of motion economy are applied to develop 
an improved method. Figure 20.10 illustrates a simo chart of the proposed 
method of assembling dropper-bottle caps. Note that the proposed 
method will save 45 winks (a wink is % 000 of a minute) and increase out¬ 
put by 69 percent. 

Micromotion analysis, employing the simo chart, is the most detailed 
motion study normally used in industry today. 


APPLICATION OF MOTION 
STUDY TECHNIQUES 

As we moved from the broad overall type of analysis using the process 
chart to the most detailed type of analysis using therbligs and simo charts, 
perhaps you wondered about the costs of applying these techniques and 
where each would be justified. 
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Figure 20.9. Sinuxhart of old method of assembling bottle dropper tops. 


Many combinations of these techniques could be used to make jobs 
easier and more productive. The simplest and least expensive motion 
study would consist of a visual analysis of a job with a mental applica¬ 
tion of the principles of motion economy. The most complete study would 
employ both process analysis and micromotion analysis and would obvi¬ 
ously be more detailed, time consuming, and expensive. Savings, in turn, 
often depend on the number of workers engaged in the job, the probable 
life of the job, and the costs of getting the work done—including labor 
costs as well as machine costs. It would be foolish, for example, to make 


























Figure 20.10. Sinuxhart of proposed method of assembling bottle dropper tops. Both 

simo-charts from Mundel, Time and Motion Study. 


a micromotion study of the janitor unlocking the door each morning. The 
saving we could gain from this analysis would be many thousands of 
times less than the cost of making it. If. however, in testing locks in a 
lock factory a similar operation required eight seconds and was per¬ 
formed by a large number of employees, then a full micromotion analysis 
would be justified because of the probable savings. Thus, the extent to 
which these techniques are used depends on the probable economies that 
will result for management through better control of labor costs. 
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MOTION STUDY AND 
FATIGUE 


t tired when we work for extended periods. For some of us, 
U g pe titive light work is much more fatiguing than strenuous non- 
Ly/work. Thus, fatigue for some people may be'psychological, 
for others it is physical. For most of us, fatigue springs from both 
WherCa Whatever its cause, its effects are usually the same—a lowering 
S f UrC oductivity and often a decrease in quality. Obviously, neither of 
of P r . durable; therefore, management is interested in eliminating 
f t’tnie if possible, or at least minimizing its effect on the worker. 
fat A ereat deal of medical and scientific research has been undertaken in 
fifld 0 f industrial fatigue. Many attempts have been made to measure 
h amount of fatigue that accumulates from given levels of exertion. For 
1 e mple, some experimenters have attempted to measure the excess oxy- 
0X3 intake and correlate this with exertion and fatigue. Others have tried 
^measure fatigue by the heart beat and blood pressure. One particularly 
interesting approach was developed in Paris.* It consists of a "force plat¬ 
form” on which the employee stands while working. His movements exert 
ressures on the platform which are measured through sensing elements, 
incorporating quartz crystals, and are recorded. Thus, the forces involved 
in an employee's moving in vertical, frontal, and transverse planes can 
be measured. Although much more work still remains to be done on 
translating the effects of these forces into fatigue levels, the method does 
make a new technique available for further research. 

Although these and other experiments are interesting and much prog¬ 
ress has been made, we still do not know exactly what fatigue is and 
precisely what causes it. We do know, however, that whatever the physical 
and mental aspects of fatigue may be. three items generally affect our feel¬ 
ing of weariness, and often reduce our efficiency. These are: the conditions 
under which we work, the repetition involved in the work, and the physi¬ 
cal well-being of our bodies. Management has direct control over the 
first two of these and can make a considerable contribution to the third: 
the physical well-being of its workers. 

By providing the proper plant climate and working environment, for 
example, management can help minimize fatigue. Light, temperature, 
humidity, heat, and noise are some of the factors that should be consid¬ 
ered. In highly repetitive jobs that lend to be monotonous, many firms 
are introducing "job expansion" or "job enlargement"—a technique con¬ 
sisting essentially of expanding the content of jobs to incorporate a wider 

i Ludcn Lauru and Lurien Brouha. "Psychological Study of Motions." Advanced 
Management (March 1957), pp. 17 ff. 
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variety of tasks by combining jobs or having workers periodically alternate 
with each other. By thus alternating their work employees claim that it 
is less fatiguing. In addition to improving working conditions and employ, 
ing job enlargement, many companies are providing mechanical aids, 
such as hoists and other materials handling devices, to help reduce em¬ 
ployee fatigue. Periodic medical examinations and the provision of ade¬ 
quate medical service can do much to aid the employee in maintaining 

good health. 

Better work methods, too. aim at reducing fatigue and making the 
worker more efficient. Through the application of the techniques covered 
in this and the previous chapter, management is making significant prog- 
ress in reducing unnecessary employee fatigue. The better way is usually 
a faster and simpler way involving fewer motions and inducing less 
fatigue. 

Wherever work is studied and improved, the end objective is not to 
devise a way to get an employee to work harder and faster. To the con- 
trary, the objective is to devise a method that will enable an employee 
to produce the same output with less effort, or by expending the same 
effort to increase output. Motion study is not a speed-up device. It is 
simply an attempt to change wasted effort into productive output. By 
doing this, unit costs can be decreased, making for greater profits and a 
better competitive position for the firm. 


INDUSTRIAL ENGINEERING 
DEPARTMENT 

The responsibility for devising better work methods is usually vested in 
an industrial engineering department. This department goes by many 
names. In some plants it is known as the methods department; in others, 
as either the time study department, industrial engineering department, 
motion and time study department, or methods and standards department. 
Whatever its name, it is a staff department and in this capacity advises 
the line as to better work methods and time standards. It is sometimes a 
part of the engineering organization, or it may be a separate department 
and report directly to the plant manager. When it is a separate depart¬ 
ment it is usually on the same staff level as personnel. Its major function 
is to develop better work methods and establish output standards. 

TIME STUDY 

In this and the previous chapter we have examined some of the tech¬ 
niques used to improve work habits. Once a better method has been intro¬ 
duced in the shop, management next wants to know what a fair day's work 
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for an employee using the improved method. This is the func- 
vrould ^ s t U dy, and in the following chapter we shall see how a time 
U° n ot . f frizes about determining how much time an average employee 


STUDY QUESTIONS 


. wh v is there no one best way? 

o What is multiple-activity analysis? Where can it be effecuvely employed? 

2 How is a man-machine chart used? What is the objective of man-machine 

analysis? . . 

. q( wha[ value i$ it to make an operat.on analysis? 

5 What is a therblig? How do we use them? 

° Under what circumstances is it feasible to make a micromotion analysis of a 
job? Explain. 

7 What is a simo chart? How is it used? 

. How can management help reduce fatigue and increase worker output? 

9 Where is a motion and time study department located from an organizational 
point of view? 

10 Is motion and time study a staff operation? Does it have any line authority? 
Why? Explain. 
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Although the previous two chapters dealt with the prin¬ 
ciples and techniques used to make work easier and simpler, 
no mention was made of how much work an employee 
should be able to do in a given period of time. Establishing 
how long it should take an employee to do a job is the func¬ 
tion of work measurement or time study and is the subject 
matter of this chapter. 


USES OF TIME STUDY 

Most people recognize that different jobs take various 
lengths of time to perform. Thfe difficulty of the job, the 
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• I effort involved, and the working conditions are a few of the 
phyS1< :a tors affect lhe u me required by an employee to perform 

ma0y Vned task. Knowing the time required by an average employee 
a " tfnf at normal pace to perform a given task is of real importance to 
wor 8 ent because it establishes a norm or measure by which the rela- 
^ of an employee's work can be determined 

Although we buy coffee by the pound and gasoline by the gallon, we 
n unknown quantity when we purchase labor. Employees differ in 
g * 1 . 3 capac ities and, although the wages of several workers may be the 
t beir productive output may vary considerably. In fact, among 
Sa ®ees performing the same job, variations in output as great as 100 
C ent are not uncommon in some plants. Because of these and other 
Rations, management is vitally interested in determining which method 
V f performing the work is better, and then determining how long a normal 
person should require to perform the job. 

V A common method of arriving at this time value is to make a time 
tudy using a stop watch. With a time standard or norm established 
through time study we are in a much better position to determine what 
constitutes an hour’s worth of work. We have, so to speak, established 
unit of measure. If management knows how much time should be con¬ 
sumed in performing a job, then this time value can easily be used to 
ascertain what the daily output of an average employee should be, or 
stating it otherwise, we can determine what constitutes a fair day’s work. 
Knowing the time normally required to perform a task has several 

other advantages: 


1. Work loads can be more equitahly determined and assigned. 

2. Production scheduling and planning are more effective when the time 
required can be determined. 

3. Employee earnings can be brought in line with their relative productive 
worth. 

4. Better employee morale and worker satisfaction result because of better 
working conditions and more equitable work loads. 

5. Employees can be more rationally evaluated. 

6. Costs can be determined easier. 

7. The efficiency of work groups can be more easily calculated. 

8. Alternative methods of performing a task can be evaluated by time com¬ 
parisons. 

9. Wage incentive plans can be established where desirable. 


EQUIPMENT USED 

The stop watch and the time study sheet are the two principal pieces of 
equipment used to make a time study. 

Two types of stop watches are commonly used by industry: the decimal 
minute stop watch and the decimal hour watch (Figure 21.1). On both 
types the dial of the watch is divided into 100 sections. On the decimal 
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minute stop watch the large hand makes one revolution per minute 
making each subdivision the equivalent of 0.01 minute; whereas on the 
decimal hour stop watch the hand makes 100 revolutions per hour making 
each subdivision the equivalent of 0.0001 hour. On each watch a smaller 
dial and hand record the number of complete revolutions up to 30 made 
by the large hand. With each complete revolution of the large hand, the 
small hand moves forward one space. On the decimal minute watch 
therefore, continuous time in hundredths of a minute can be recorded up 
to a maximum of thirty minutes, the cycle of the watch. For the decimal 
hour watch, however, the total cycle time is only eighteen minutes (30 x 

.01 x 60). 

The decimal minute watch illustrated in Figure 21.1 is most commonly 



Figure 21.1. LEFT: A Decimal Minute Stop Watch. CENTER: A Decimal Minute Split 
Timer. Both hands move from zero simultaneously when the crown is depressed. At 
the end of the first element the side pin is depressed, stopping lower sweep hand only. 
After the time is recorded for the clement, the pin is again depressed and lower hand 
joins upper hand which has continued without interruption. At the end of the second 
element, the side pin is again depressed and lower hand joins upper hand which has 
continued without interruption. At the end of the second element, the side pin is again 
depressed, the time is recorded, etc. The stopped hand at the end of each element 
makes reading easier. RIGHT: A Decimal Hour Stop Watch. (Courtesy Meylan Stop¬ 
watch Co.) 

used in industry. Both the large and the small hands are stopped and 
started simultaneously by moving the slide to the left of the crown or 
stem. Depressing the stem returns both hands to the zero or starting posi¬ 
tion. 

Observation sheets for recording the time values observed are also 
required. Figure 21.2 illustrates a typical time study sheet attached to a 
special board designed to hold both the time study and the stop watch. 


STEPS IN DEVELOPING 
A TIME STANDARD 


Cooperation of Foreman. The time study analyst should never go 
into a department unannounced and start making a time study. The time 
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Figure 21 2. Time study board with stopwatch and observation sheet attached. (Cour - 
tesy Meylan Stopwatch Corp.) 

study observer as a staff man has no right to interrupt work processes or 
to make time studies without first informing the foreman of why he is 
there and securing both his permission and cooperation in making the 
study. The foreman is responsible for the efficiency of his department, the 
work of his employees, and the quality and quantity of output. Inter¬ 
ruptions by outsiders could upset any or all of these. It is also well to get 
the foreman's cooperation in choosing a worker for the time study. He 
knows the operators in his department better than anyone else, and he 
can do much to help the time study man select both a cooperative and 
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willing worker. For these reasons and for the sake of common courtesy, 
the time study analyst should always contact the foreman first and seek 
his cooperation and assistance before starting any time study procedures. 

Selection of Operator. Only operators who are proficient in p er . 
forming the work in the prescribed manner should be used for making 
time studies. Some time study men select the highly skilled and fast-work¬ 
ing operator to observe for a time study, but the consensus is that, for 
psychological reasons, an average rather than above average operator 
should be chosen. Seldom do workers understand clearly the methodology 
of time study, and if they see a time standard being established by timing 
a highly skilled, fast-paced employee, they are apt to think that manage¬ 
ment is trying to speed up their work by setting a standard based on a 
highly skilled performance rather than the performance of an average 
employee. Insofar as the final outcome is concerned, as will be shown 
later, it actually matters little who is chosen for the study just so long as 
the operator is proficient at doing the work in the prescribed manner. In 
view of employee reactions, however, the wise analyst will choose an aver¬ 
age worker to study, or one who is considered average by the other em¬ 
ployees. 

Unskilled employees should never be used. They are usually not 
familiar with the job, often do not use the prescribed procedure, get con¬ 
fused easily and have to start over, and in general are bungling in their 
efforts. Such performances are not conducive to the determination of a 
time standard for a given job. 

In selecting the average operator, the help and advice of the foreman 
should be solicited. His understanding of the work and the workers can 
materially aid in choosing not only an average employee but also one who 
will be calm and cooperative during the study. The foreman should in¬ 
troduce the time study man to the employee selected for the study and 
explain carefully and fully what is to be done and why. The time study 
analyst with this start should be able to establish and maintain a friendly 
work relationship with the operator. 

Standard Conditions. A time study should not be made until a stan¬ 
dard method has been established using the techniques and principles 
discussed in the previous two chapters. In addition, we should also make 
certain that working conditions are standardized. By standard working 
conditions we mean that all fixtures, benches, lighting, layouts, tools, raw 
materials, and the like are identical for all employees performing the same 
operation. It would not be fair to expect all employees to achieve a given 
level of output if the way they perform their work, the tools they work 
w ith, and the conditions under which they work were not the same. Nor 
would a time standard established under such nonstandard conditions be 
a valid standard. 



WORK MEASUREMENT 


441 


TIME STUDY OBSERVATION SHEET 



Dividing the Job Into Elements. Before any actual stop watch read- 
ings are made, complete and accurate data should be recorded on the 
time study sheet at the upper left and right hand corners of the form 
(Figure 21.3) to identify the study. In addition, a sketch of the part and 
work place layout are often of value in understanding the study, the 
method of work, and the location of the operator at the work place. 

After the time study observer has become thoroughly familiar with the 
job, he should then divide it into small steps or elements. An element 
is a step or portion of an operation that is relatively short and has an 
easily identifiable beginning and end. For example, in the job of unlock¬ 
ing a door, the elements might be: 

1. Get keys from pocket and find proper key. 

2. Insert key in lock and unlock door. 

3. Remove key from lock and return keys to pocket. 

A job, therefore, consists of a series of elements. It is necessary to break 
a job into elements rather than time it in total because some of the ele¬ 
ments in some jobs do not occur in each cycle. This being true, we would 
have variations in total cycle times which could not be explained. In 
addition, the best description of a job and how it is performed is made 
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by breaking it down into elements. Elements should not be less than 0.04 
minute in duration for ease of timing. 

After the elements in the job have been determined, they should be 
recorded across the top of the time study observation sheet. Next, the 
watch is started and the time required to perform each element is deter¬ 
mined and recorded. 

Timing the Job. Elements can be timed by the snapback method or 
by the continuous method. 

In the snapback method the watch is read at the end of each element 
and the hands are snapped back to zero by pressing the stem. The hands 
immediately begin moving forward measuring the time for the next ele¬ 
ment while the observer records the time value for the element just com¬ 
pleted. Thus, the process is repeated and time values are established for 
all elements. This method has the disadvantage that time may be lost 
while the observer is snapping the hand back to zero, and there may be 
additional time lost because he does not release the stem immediately. 
Because the actual time for each element is recorded, it has the advantage 
of indicating operator consistency or inconsistency for each element as 
the study progresses 

In continuous timing the watch is started at the beginning of the first 
element and is not stopped until the study is completed. When using 
this method, the observer notes the watch reading at the end of each 
element and records this in column “R” (for Reading) under the element. 
For example, in Figure 21.3 the watch read .06 at the end of the fim 
element, .16 at the end of the second element, and .38 at the end of the 
third element in cycle one. Time values for the various elements are deter¬ 
mined by subtracting the readings after the time study^has been com¬ 
pleted. For example, in Figure 21.3 the reading at the end of element 
No. 1, cycle one, was .06 and the time value for that element is .06 min¬ 
utes (.06 — 0 = .06). This value was recorded in column "T” (for Time) 
under element No. 1. The time value for element No. 2 was .10, deter¬ 
mined by subtracting .06 from .16. In a similar manner, time values for 
all elements are determined. Although continuous timing has the dis¬ 
advantage of this extra work of subtraction, it overcomes the disadvan¬ 
tages mentioned above for the snapback method of timing. 

Elements that are not a regular part of the job, such as talking to the 
next operator, are known as foreign elements. Their times are recorded 
in continuous timing but are subtracted from the elemental time. For 
example, in the steady illustrated by Figure 21.3 the time (.30 min.) used 
by the operator to talk with his neighbor was subtracted from the recorded 
elemental time. In snapback timing, foreign elements may be omitted 
from the study by keeping the stem depressed (so that the watch will 
not run) until the operator starts the next regular work element. 
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mber 0 f Cycles to Time. An operator does not work continuously 
the same identical pace. Therefore, it is necessary to time several 
at of t he job in order to get a representative sample of the times re- 
^. . b him to perform the work. The number of cycles that should 
hedmed depends on the nature of the work, but should be large enough 
rive an adequate sample. If the job cycle time is relatively long and 
'h operator works at a fairly uniform rate, then only a few, say ten, 
1 need to be timed. If, however, the job is of short duration and 
f^hiv repetitive, the number of observations required to have an ade- 
nifate^sample of time values might well be 80 to 90. 

^ j nasmu ch as time study is a sample of the times that an operator takes 
do a job, we can more precisely determine whether or not we have 
dmed enough cycles by applying statistical measures. Mundel * suggests 
the following formula where we would be satisfied with the probability 
that 95 »mes out of 100 our average time value for an element would 
be within ± 5 percent of the true average time. 


where: 

= required number of time readings 
X = individual time readings 

N = number of readings already taken of an element 

To illustrate the use of this formula, assume that the values for one of 
our element readings were N = 10. 2X* = 79, and 2X = 27. Substituting 
these values in the formula yields an N' of 132. This means that we should 
take a new study with at least 132 readings in it if we want to be confident 
(at the .05 level) that we have a sample which will yield an average value 
for an element that is within ± 5 percent of the true value. 


Selected Time. After a sufficient number of cycles have been timed 
and the time values recorded for each element, some value must be selected 
from those on the time study observation sheet as representative of the 
element. For example, in Figure 21.3 the time values for element No. 1, 
/'dump parts on table and set plate in position," vary from a low of .05 to 
a top reading of .10, with .07 appearing most frequently. Because .07 
appears most frequently, this value could be used as the selected time 
for element No. 1. In a similar fashion the elemental times for the other 
elements could be determined. The method most often used to determine 
the elemental time, however, is an arithmetic average. For example, in 


i Marvin E. Mundel, Motion and Time Study, Principles and Practices. 4th ed. 
(Englewood Cliffs, N. J.: Prentice-Hall, Inc., 1970). 
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element No. 2 of the time study illustrated, fifteen observations were 
made; therefore, the selected time for this element is 1.27 ~ 15, or .085. By 
using this average method, selected times are determined for each element 
of the job. 

Some elements are performed more than once per cycle. Other ele¬ 
ments, such as No. 6, "get more assemblies," occur only once every sev¬ 
eral cycles, in this case once every five cycles. To determine how much 
time should be allowed for each element in the work cycle, the selected 
time is multiplied by the occurrences per cycle. In element No. 6 there¬ 
fore, the selected time allowed for this element in a complete cycle would 
be y 5 of .50, or .10. 

Leveling or Performance Rating. All operators do not work at the 
same pace. Thus, it would not be fair to establish a standard for work 
performance based on the time required by either a fast or a slow operator. 
Some speed allowance, therefore, must be made in the time values ob¬ 
tained through time study for the pace at which the operator performed 
the task. Determining the relative speed or tempo at which an operator 
works is known as leveling or rating. 

Rating the speed of an operator is a matter of judgment on the part of 
the time study analyst and is one of the areas in time study most frequently 
attacked. Although most of us agTee that a more precise measure of an 
employee's performance would be desirable, we have not been able to 
date to devise any means that would overcome relying on the analyst's- 
judgment. 

Several methods of rating are used by industry, but the Westinghouse 
system and the overall 100 percent rating factor are the most common. 

The Westinghouse system 2 derives its name from its origin at Westing- 
house in 1927. The rating is based on four factors: skill, effort, condi¬ 
tions, and consistency. The analyst determines the rating for each (such 
as: skill—C2; effort—D; conditions—A; and consistency—E) and converts 
these to percentage values from a fixed table. For example, skill C2 has a 
value of +.03; effort D has a value of 0; conditions A, +.06; and con¬ 
sistency E, -.02. Totaling these yields +7 percent, and indicates that the 
operator was 7 percent above average. 

The most widely used system of rating, however, is the overall 100 
percent rating factor. Under this system, an operator working at normal 
or average pace is said to be working at a 100 percent pace. Thus, if an 
operator were working slower than the average, the rating factor would 
be less than 100 percent, say 85 percent. Conversely, if the operator were 
working at a rate faster than normal, the rating factor would be over 100 


2 For a com 
Time and Motion 
p. 207. 


pleie discussion. see S. M. Lowry. H. Ik Maynard, and < JJj***”^ 
Study. 3rd ed. (New York: McGraw-Hill Book Company. 1940). 
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120 percent. Some few operators can work at the rate of 150 
^ent most operators work at about 120 percent; the standard pace is 

100 P er ^ l ' to delerm ine whether an operator is above or below normal, 
* n 0F t Q f normal or average must be established. This is difficult 
S °T Most people generally agree that a normal (or 100 percent) walking 
l ° d ° n level ground is three miles per hour. Tempos greater than or 
P* ce ° n jhree m iles per hour are. therefore, greater than and less than 
1CSS 1 Kent By studying persons walking at various tempos, observers 
100 hTtrained to rate their speeds or tempos very closely, just as the ex- 
^ need patrolman can rate the speed of a moving vehicle very closely. 
P ene dus try a standard or normal pace for work is agreed upon and an 
In 111 r>s ce j s r ated against this norm or standard. This standard 
0per ^ a l pace is one that a qualified and trained operator can main- 
tain day in and day out, year in and year out, with no ill effects or detri¬ 
ment to life and health. 

To help train time study men to rate consistently, many companies 
motion pictures of various jobs showing tempos over 100 percent. 
USe rma i or average tempos, and those less than normal. By studying and 
reviewing these motion pictures, time study men can be trained to rate 
very consistently, in many cases within ±5 percent of each other. 

In addition to recording the time values for the elements of the job on 
the observation sheet, the time study observer using the above rating pro¬ 
cedure must also rate the operator and record this rate. Some companies 
require that the operator be rated for each element, whereas other com¬ 
panies rate the overall job performance of the operator. In Figure 21.3 
the observer rated each element. 


Normal Time. Normal time is the time required by an average, 
trained operator working at normal pace to perform a task. This time is 
found by multiplying the selected elemental time by the performance or 
leveling factor. For example, in Figure 21.3, the selected time for element 
number one was .074 and the rating factor for this element was 90 percent. 
The normal time for this element, therefore, is .066, found by multiplying 
.074 by .90. In a similar fashion the normal time for each element on the 
time study observation sheet is determined. By adding the normal times 
for each element of the job, we get the total normal time required to per¬ 
form one cycle of the job. Thus, in our time study illustration, the total 
normal time of 1.043 minutes was found by adding the normal times for 
each of the six elements. This figure (1.043 minutes) does not represent the 
time that the operator actually took to perform the job. Instead, it repre¬ 
sents the average time the operator would have taken had he been work¬ 
ing at a 100 percent pace. This time does not contain any allowances; it 
is simply the time a trained operator would take working at normal pace. 
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Allowances. In determining a fair and just time standard, some 
allowance must be made for normal work interruption, fatigue, and per¬ 
sonal needs. Thus, in addition to corrections for the pace or tempo of 
the worker, the time is also modified by adding any necessary allowances. 
Five percent, or twenty-four minutes, is commonly allowed for personal 
needs during an eight-hour work period. In addition to this perosnal 
allowance, some plants recognize that an operator tires as the day pro¬ 
gresses and an allowance is made for rest to overcome fatigue, the amount 
varying with the type of work and exertion. Some delays, such as an inter- 
ruption by a foreman or a machine adjustment, are beyond the control 
of the operator and appropriate allowances arc made to cover them. Obvi- 
ously, allowances are not made for delays within the control of the oper¬ 
ator such as talking to a fellow employee. 

Most allowances are expressed as a percentage of normal time and 
are calculated by multiplying the normal time by the percentage of the 
allowances. 

Standard Time. One of the objectives of time study is the establish¬ 
ment of a norm or standard time value for a job. By adding the allowances 
for fatigue, personal needs, and delays to the normal time required for 
the job we can determine such a standard. Expressing this in formula 
form we have: 

Selected time times Leveling factor equals Normal time. 

Normal time plus Allowances equals Standard time. 

Thus, in the time study in Figure 21.3 the standard time to assemble 
one coil assembly was determined by adding 15 percent of 1.043 minutes 
to the normal time (1.043), yielding a standard time of 1.199 minutes. 
(The same result is achieved by multiplying 1.043 X 1.15 = 1.199 min¬ 
utes.) This value is the standard time per cycle. To get the standard time 
per unit, the cycle standard time (1.199 minutes in this case) is divided by 
the number of units (one) per cycle giving 1.199 minutes in this illustra¬ 
tion. However, if the cycle standard time for assembling, say, two pipe 
clamps were .40 minute, the standard time per pipe clamp would be .20 
minute. 

Once a standard time has been established, it should not be reduced 
or changed unless the job method changes or unless an error was made 
in the original study or in its computations. A time standard is deter¬ 
mined as precisely as tools of measurements allow. It should not be 
determined by collective bargaining, nor should it be raised or lowered 
promiscuously. 

Time standards obviously cannot be set for all jobs. Some work is 
mental and is not capable of measurement. Other jobs may be non- 
repetitive in nature, and because the amount o£ work necessary to perform 
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• h varies, no time standard can be established. Time 
for manv types of work which were formal 


standards can 

u * w howe ver, for many types ot work wtiich were formally regarded as 
** ^netitive. Maintenance work, for example, is being placed on time 
"^dairis though such standards have greater tolerances than those 
discussed above (see Chapter 13). 


PRODUCTION STUDIES 

standard has been established it is often put into effect for a trial 
of, say, 30 days. During this period of time, labor can voice com- 
Tints about the rate, and management cap make any changes it may 
P ... necessary. After this period, however, the standard usually be- 
C °mes fixed or permanent. When standards are challenged by employees 
C ° h er during this period or later, the time study man has the responsi¬ 
bility of proving the validity of his study. His first step, usually, is to 
ke certain that the work is being performed in accordance with the 
m V; ed ure recorded on the time study. The conditions of work as well 
PF the work place are checked to make sure that no changes have, been 
Produced that would affect the time standard. If these checks indicate 
no changes, then the tiipe study man often makes what is known as a pro¬ 
duction study, illustrated in Figure 21.4 

In a production study a complete and accurate account is kept of what 
the worker does during every minute of the day, or a large part of the 
day Through such studies the analyst may determine that a complaining 
worker actually had a basis for his complaint: that, in reality, additional 
work, such as minor machine repairs, had to be performed by him, and 
no allowance had been made in the original time study for such additional 
work. A production study may also indicate an inequity resulting from 
an insufficient fatigue allowance in the original study, thereby preventing 
the employee from meeting the production standard. In such instances, 
of course, changes should be made in the standards. It is not uncommon, 
however, to find that a worker is not making a standard because he is, 
perhaps unknowingly, spending too much time talking or engaging in 
personal activities. Production studies will indicate this fact and show 
the employee where corrections should be made. 


SETTING PIECE RATES - 

Though this topic will be discussed more fully in Chapter 23, a brief 
example will show how piece rates can be determined once a standard 
time has been established. In the time study illustrated in Figure 21.3 
the standard time per unit was 1.199 minutes. The expected output per 



Total Tl«a P»r ft«a*on 


Percant By Baaaon_ 


//* 


Mil +3 '<> 


Figure 21.4. Five-hour production sludy of drilling castings. 


hour therefore would be 50.04 units (60 minutes 4- 1.199 = 50.04). If the 
going rate of pay in the community for this type of work were $2.51 per 
hour then the amount that management would be willing to pay a worker 
for each piece completed would be $.05, computed by dividing $2.51 by 
50 04 If the employee worked harder than average, he could produce more 
units of output, say. 80. At this rate, his pay for one hour of work would 
be $4.00. 
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STANDARD DATA 


many plants, similar work is often repeated over and over. Where this 
^true time standards can be set by using the leveled time values from 
IS vious time studies rather than make new time studies. For example, a 
^mmon operation in one furniture factory is drilling holes in a standard 
c .° board. From previous time studies we know that it takes the operator 
!hree minutes to change drill bits. We also have standard values for pick¬ 
-up a board and placing it on the drill press (.12 of a minute), and 
removing it from the press once the hole is drilled (.14 of a minute). These 
are constant elements that do not change in value regardless of the size 
of the holes. However, the job of drilling the holes in white pine will 
vary with both the diameter and depth of the hole. 

Previous time studies show the leveled times for drilling \/ 4 " diameter 
holes in white pine to be: 


Depth of hole 

Time 


.06 

1" 

.11 

2" 

.20 

2>/2" 

.25 


By plotting these data on a chart similar to Figure 21.5, we can read 
the leveled time value for drilling any depth hole one-fourth inch in 
diameter, in white pine. Thus, if we have a new order calling for 500 
one-fourth inch diameter holes one and one-half inches deep to be drilled 


TIME 

< IN MINUTES ) 


Figure 21.5. Leveled time for 
drilling V4-inch-diameter hole 
in white pine. 



0 1/2 11 1/2 2 


DEPTH OF HOLE 
(IN INCHES) 


2 1/2 


3 
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in the standard boards, we can determine the time standard without using 
a stop watch. From our standard data we know the following times: 

Get and place board on press.12 

Drill 1V4" deep hole (read from chart).15 

Remove board from press.H 

.41 

For 500 holes, therefore, the normal time per hole would be .41 of a 
minute. Adding allowances of. say, 10 percent to this would give the 
standard time per hole of .451 minutes, plus a setup time for the job of 
three minutes to change the bit. 

Of course, to be comprehensive in this example, standard data would 
also have to be collected for various diameter holes, various types of wood, 
various sizes and shapes of boards, and so on. 

Developing data of this type has several advantages. First, it obviously 
eliminates the need for a gTeat many time studies. Second, inasmuch 
as standard data are based on a large number of previous observations, 
they are often more reliable than individual time studies. A third advan- 
tage is that they allow for better estimating of production times for pricing 
customer inquiries. Finally, standard data make possible better planning 
of production schedules on new jobs. However, against these advantages 
we must weigh the major disadvantages of the large amount of work neces¬ 
sary to collect and analyze the data. Where only a few jobs are involved, 
time study is usually more economical. 


PREDETERMINED TIME 
STANDARDS 

Various systems of predetermined time standards have been developed 
in an attempt to find a more precise and accurate method of setting stan¬ 
dards, as well as overcome labor s objection to rating or leveling, a neces¬ 
sity in stop watch studies. 

A predetermined time standard is one that is calculated by analyzing 
the basic motions required to perform a job and assigning predetermined 
and fixed time values to these motions. For example, the motions re¬ 
quired to pick up a pencil might be: reach to the pencil, grasp the penal, 
and move the pencil to the desired location. Time values for the reach, 
grasp, and move basic motions have been predetermined (see Figure 21.6) 
and can be assigned to these motions. Adding these values will yield a 
total time to perform the operation which in terms of time study we would 
call normal time, that is no allowances are included. A time standard, 
of course, can be calculated easily from this normal time by simply adding 





TABLE I—REACH—* 



CASE AND DESCRIPTION 


A Reach to object in fixed loca¬ 
tion. or to object in other 
hand or on which other hand 
rests. _ 


B Reach to single object in 
location which may vary 
slightly from cycle to cycle. 


C Reach to object jumbled with 
other objects in a group so 
that search and select occur. 


D Reach to a very small object 
or where accurate grasp is 
required. 


E Reach to indefinite location 
to get hand in position for 
body balance or next motion 
or out of way. 


TABU II—MOVE—M 


Wt Allowance 


Wt. I Fee- Con- 
(lb.) | tor slant 
Jo to TMU 



CASE AND 
DESCRIPTION 


A Move object to 
otherhandoragainst 
stop. 


B Move object to 
approximate or in¬ 
definite location. 


C Move object to ex¬ 
act location. 


TABLE III—TURN AND APPLY PRESSURE— 


Time TMU tor Degrees Turnod 


7S‘ I 90' 


Weight 


to 2 Pounds 


Small 


Medium -2.1 to 10 Pounds 



14 4 16 2 


20 4 I 22.2 I 24 3 | 26.1 


16SM1S0* 


KSKSCD 



10.1 to 39 Pounds 


APPLY PRESSURE CASE 1—16.2 TMU. APPLY PRESSURE CASE 2-10.6 TMU 


Figure 2I.G. Time values for sarious tlassilitations of motions. i(c) IV*0 h\ the Ml M 
Association lor Standard* and lie smith. Xo reprint without wiilten consent bom lliv 
MTM Association, Fan l.au-n, X.J.) 
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TABLE IV—GRASP—O 


Tim# 

TMU 


DESCRIPTION 


Small, medium large object ty itself. —*Hy groped. 




Object jumbled with other object* »o search and select occur. Larger 
than f* a 1 * x 1*. 

Obieci jumbled with other object* so search and select occur. H* x W' 

a V4't0 1' » 1 # * _ 

Object jumbled with other objects so search and select oocur. Smaller 
than V * vr « •" 


Contact, sliding or hook g«a 


TABLE V—POSITION' 



CLASS OF FIT 



required 


2—Close Light pressure required 


3—Exact Heavy pressure required. 
’Distance moved to engage— 1" or leaa. 

TABLE VI—RELEASE—RL 


DESCRIPTION 


2 J3 Normal release per- 

formed by opening 
fingers as independent 
motion. 




TABLE VII—DISENGAGE—D 


CLASS OF FIT 


1 —Loose —Very slight 
effort, blends with 
subsequent move. 


Contact Release 



Easy to 
Handle 

Difficult 

to 

Handle 

AJ) 

6.7 

■a 

11.8 

22-9 

34.7 


able effort, hand re¬ 
coils markedly. 


TABLE VIII—EYE TRAVEL TIME AND EYE FOCUS—ET AND EP 


e 

Eye Travel Tlme-15.2x ^ TMU. with a maximum value of 20 TMU. 

where T - the diatance between ooints from and to which the eye travaU. 
D-the perpendicular distance from the eye to the line of travel T. 

Eye Foot** Time-7-3 TMU. 


Figure 21.6. (Continued.) 
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TABLE IX—BODY, LEG AND FOOT MOTIONS 


DESCRIPTION 

SYMBOL 

DISTANCE 

TIME TMU 

L#g or Foreleg Motion. 

FM 

FMP 

LM — 

Up to «* 

Up to 6' 

Each add'l. inch 

IS 

19.1 

7.1 

1.2 

T77MO--Com 1—Complala when loatf- 
ol deit«P^ u - n8 |#B C0 niacta 

floor. 

Cm 2—Lagging ‘*0 " u ‘ l 
contact floor before 
noil motion can bo 
made. 

ss-c. 

SS-C2 

Loss than 12* 

12* 

Each add'l. inch 
12* 

Each add'l. inch 

Use REACH or 
MOVE Tima 

17.0 

A 

34.1 

1.1 

.. 

8.S.KOK 

AB.AS.AKOK 

KBK 

AKBK 


29.0 

31.9 

69.4 

76.7 

Stand from Silting Position. 

rU i:.^^^r« fl rT..d.n fl .eg 
C contacts floor. 

Case 2 —Lagging mu,! flo ° lr 

C before noil molion can bo 

mado. 

SIT 

STO 

TBCI 

TBC2 


34.7 

43.4 

18.6 

37.2 


W FT. 

Per Foot 



W-P 

Per Pace 

fijffaT Y Kgs; 


W-PO 

Per Pace 

pBhpWS 



Figure 21.6. (Continued.) 


the desired allowances to the predetermined lime values assigned to the 
basic motions used. 

Predetermined time values for motions, such as reach and grasp, or 
ctouds of motions, can be developed from time studies taken within a 
plant and are known as standard data. Similar lime values can be used 
that have been determined through research by several organizations 
whose major work is developing systems of predetermined time values. 

Several types of predetermined time systems exist, among them being 
Work Factor, Basic Motion Time Study, and Methods-Time Measure¬ 
ment. The latter, Methods-Time Measurement, or MTM as it is 
commonly called, is best known and was developed by the Methods Engi¬ 
neering Council under the direction of Harold B. Maynard, G. J. 
Stegemerten, and John L. Schwab. 3 

MTM is widely used and its time values are claimed to be quite ac¬ 
curate. MTM is essentially a technique for improving methods as well 
as setting standards through recognizing, classifying, and describing the 
motions required to perform jobs, and then assigning predetermined time 
values to these motions. Because the time values are the equivalent of 

* Harold B. Maynard, G. J. Stegemerten. and John L. Schwab. Methods-Time Mea¬ 
surement (New York: McGraw-Hill Book Company. 1948). 
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leveled times, no rating is required for the operator. To determine a 
standard time for a job, therefore, it is necessary to add only the ti me 
for allowances to the MTM values. 

In using MTM all motions are classified under one of the following; 
reach, move, turn, apply pressure, grasp, position, release, disengage, eye 
travel, eye focus, and body, leg, and foot motions. Depending on the type 
of motion and the conditions under which it is performed, various time 
values are assigned (see Figure 21.6). 

In addition to setting time standards on jobs currently running in the 
shop, the use of such systems of predetermined time values allows the 
calculation of the times required to perform a task in advance of its actual 
production. This possibility offers many advantages to management in 
the form of making more nearly accurate estimates of labor costs, im¬ 
proving job estimates, and aiding in the design of the product as well as 
tools. In each instance work patterns can be visualized, time values as¬ 
signed. and better procedures and product designs developed in accor¬ 
dance with these advance time values. 

In many instances organized labor actively supports and prefers pre- 
determined time standards instead of time standards arrived at by the 
use of the stop watch. This preference results from the fact that the ele¬ 
ment of judgment required in leveling a stop watch study is eliminated, 
and from the fact that the predetermined time standards compare favor¬ 
ably with those developed using the conventional stop watch. 


WORK SAMPLING 

In addition to using time studies and predetermined time standards, 
many companies use work sampling to aid in setting work standards and 
determining time allowances. Work sampling, or ratio-delay study, is a 
statistical technique designed to get data about the work performance of 
employees and machines. For example, work sampling can be used to 
determine what percentage of time an employee spends performing a 
certain element (such as cleaning and oiling a machine); what percentage 
of time a machine is either operating or idle; or considering the entire 
job, work sampling can be used to determine the percentage of time spent 
by an operator in performing each element. As for the accuracy of work 
sampling, experience has shown that there is no significant difference 
between work-sampling figures and those obtained from regular time 
studies of the same job if the work-sampling study is properly con¬ 
ducted. 

The theory behind a work-sampling study is that if a large number of 
random observations is made of the activities of an operator (or machine), 
the percentage distribution of the recorded activities tends to equal the 
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. ^rrentaee of time actually spent by the operator in performing 
^observed activities. For accuracy, the number of observations must 

** assume, for example, we want to know how much time an oper- 
cnpnds operating his machine, how much time he spends oiling the 
ator . .\L an d how much time he is idle. Using work sampling, we visit 
T machine at random intervals throughout each day for several days 
1 C #»pks and record whatever the operator is doing at the instant of the 
°f . W un ul we have a large numbei of observations. Such a study, for 
sample, might read as follows: 


Element 


Number of times operator 
was performing this element 
when observed 


Percent of 
total 


Operating machine 
Oiling machine 
Idle 

Total 


800 

152 

48 

1000 


80 

I ft 


100 


This study would indicate that this operator spends 80 percent of his 
time operating his machine. 15 percent oiling it. and 5 percent doing 

^Work sampling can also be used \o determine allowances. For example, 
assume that a certain type of machine has to be adjusted at irregular 
intervals. Inasmuch as the operators have no control over this delay, some 
allowance should be made for it in the time standard. It is highly prob¬ 
able that the delay calling for the adjustment would not occur while 
the time study analyst was making his study, and thus he would not be 
aware of it. If it did occur during his study, the analyst would have no 
assurance as to its regularity nor to the average amount of time taken by 
the operators to adjust their machines. 

One solution to the problem would be to make an extended produc¬ 
tion study. This, however, would be expensive and time consuming. Work 
sampling would be a much better procedure to employ in this particular 
instance. 

By visiting the machines at random intervals, an observer can tally 
what the operators are doing. Thus, a summary of the tally might read: 


Element 


Number of times operators 
were observed performing 
this element 


Adjusting machine 
Other work 


769 

24.861 
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This would indicate that the employees spend approximately 3 percent 
of their time making machine adjustments, therefore, this amount should 
be added to the other allowances in establishing the time standard 

Work sampling is thus particularly useful in determining delay and 
special allowances. One of its major advantages is that facts can be gotten 
with about one-fourth the cost of a production study. In addition the 
observer does not have to be a skilled time study analyst to make a work 
sampling study. Because no timing devices are employed and the oper¬ 
ators are not constantly watched, work sampling has the added advanta 
of less disruption in the operator’s normal work routine. 

Work sampling is one of the newer tools used by management to get 
information and facts about what is being done. By using work samplin 
procedures, management can secure difficult-to-get and costly information 
rather quickly and inexpensively. In addition to the uses mentioned 
above, work sampling may be used to review standards, to check the 
application and use of new techniques, to determine proportionate work 
assignments, and to aid in job simplification. 


UNIONS AND TIME STUDY 

The stop watch is still a "red flag” cause for war among some old-time 
union men. The attitude today, however, has changed from one of hos¬ 
tility to acceptance of time studies. F^r example, when General Electric 
eliminated piecework pay at its Schenectady, New York, plant on June 
29, 1964 the International Union of Electrical Workers said it would ask 
for federal mediation to return the incentive pay system to the 3,000 
workers who were previously on piecework. Acceptance such as this is due 
to the fact that union officials and their members have a better understand¬ 
ing and control of the stop watch and of predetermined time standard 
systems. In fact, the NLRB has ruled that unions are entitled to make 
their own time studies in grievances arising from incentive wage plans. 
All unions, however, do not accept and want time study. Some prefer it; 
others will not work with it. Most of these attitudes, however, tend to 
reflect their past experiences with time studies, the fairness with which 
standards were applied by management, and the degree of satisfaction or 
dissatisfaction resulting from their use. In many unions a strong prefer¬ 
ence still exists for day rate payments rather than wages based on work 
standards. With a growth in union strength and the development of the 
ability to see that their members are dealt with fairly, however, many 
unions have become more openminded about the value and reliability 
of time study procedures. In fact, recent union literature indicates that 
fewer articles are being published by union leaders attacking time study. 
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h this may not be indicative of whole-hearted acceptance, it may 
MthoU * that j a 5 or is developing a healthier attitude toward time study 

procedures and applications. 

C 

MANAGEMENT'S USE OF 
MOTION AND TIME STUDY 



have seen, management has several reasons for using motion and 
** ^tudy. One objective is that motion study makes jobs easier, simpler, 
Quicker to perform—often less fatiguing. Thus, labor can be more 
311 ductive without some of the ill effects of fatigue. In addition, jobs 
P hat have been simplified through motion study are usually safer. 

1 Time study, of course, tells us how much work should be accomplished 
bv an individual within a given period of time. Through time study we 
an establish incentive wage plans that allow employees to be paid addi¬ 
tional wages for additional output. Thus, time study aids in increasing 
output through the application of incentives. 

Management's major objective in applying motion and time study is to 
ontrol labor costs. Motion study establishes standard work patterns— 
standard ways in which work should be performed for maximum utiliza- 
tion of effort. Time study offers standards in terms of time. Both of these, 
therefore, provide management with important work norms by which 
to measure an individual employee's performances. Employing motion 
and time study procedures makes for lower and more uniform labor costs 
per unit of output, and at the same time gives management better control 
over employee productivity. 


STUDY QUESTIONS 


1 of what value is time study to management if it is not used for wage incen¬ 
tives? Why do conditions have to be standard before making a time study? 
Explain. 

2. List the steps necessary in developing a time standard. Explain each step. 

3 . "For technical purposes, the fastest operator would probably be the best to 
time.” Comment. 

4 . What is an element? Why are jobs divided into elements before time studies 
are made of them? 

5. Differentiate between continuous and snapback timing. Does one appear to 
offer an advantage over the other? Explain. 

6 . Explain the concept of leveling. Why is it necessary? 

7. Define selected time, normal time, and standard time. Why are allowances 
needed to arrive at a fair day's work? 
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8 . What is a production study and when is it used? 

9. What is a predetermined time standard? Hoy/ and why are they employed 
today? 

10. What is work sampling? Of what value is it to management? 
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WAGE 

ADMINISTRATION 



Good wage payment plans, well administered, have a salu¬ 
tary effect on the entire industrial organization. Employees 
are happier in their work, morale is higher, productive out¬ 
put is up, and quality is better. The problem, of course, is to 
determine what constitutes an effective plan of wage pay¬ 
ment and then to administer the plan efficiently. 

Wages are perhaps the most vital single factor affecting 
labor and labor relations. In fact, more open strife and griev¬ 
ances are generated over the determination of wages and 
salaries than any other area. It is obvious, therefore, that 
any system used to determine appropriate wages should be 
mutually agreeable to both management and labor if it is to 
succeed. 
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Many theories as to how labor should be paid have been developed. 
Such theories, for the most part, do not have much real bearing on the 
problem of attracting and maintaining an adequate labor force. They are 
more academic than practicable. Today most employers are interested 
in paying a just and fair wage to all workers—one that is not so high as to 
be detrimental to other facets of the business, such as financial soundness 
and owner interest, and one that is not so low as to have a negative effect 
on the employee and his work. Both the real and the monetary figures 
of this just wage should be of concern to the worker. His pay establishes 
his standard of living; it provides the wherewithal for the necessities 
and luxuries of his life; and it affects his home life and leisure as does 
no other contribution by management. Many employees, however, think 
of wages as only the number of dollars that they earn per week; they fail 
to make a distinction between real and monetary wages. 


REAL VERSUS MONETARY 
WAGES 

Monetary wages are simply the dollars paid a worker. If an employee 
earns $75 a week, his monetary wage is $75. As most of us are aware, 
however, inflationary (or deflationary) forces make the relative worth of 
a dollar fluctuate. A dollar today does not have nearly the purchasing 
power it had ten years ago. For example, a new automobile sold for about 
$1,800 in 1960, whereas a new model of the same make and type sold 
for approximately $2,800 in 1970. Most other items have also increased 
in cost so that the actual wage of $75 will not buy the same quantity of 
goods that it once did. This purchasing power of the monetary wage is ' 
known as the real wage. Stating it otherwise, the real wage is determined 
by the goods and services that the monetary wage will buy. 

It is the real wage, of course, that should be of importance to the work¬ 
ers. In periods of deflation the real wages of an employee can go up while 
actual or monetary wages may remain the same. In inflationary periods, 
even with an increase in monetary wages, real wages can decrease if the 
relative decrease in the purchasing power of the dollar is greater than 
the relative increase in dollar income. The converse, of course, is likewise 
true. 


COMPANY WAGE LEVELS 

In general, wages are set by the economic forces of supply and demand. 
However, most concerns have discretion within certain limits for changes. 
Determining a wage level within these limits for an organization repre¬ 
sents another wage problem that industry has to deal with. Management 
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t through vision and wisdom, establish a satisfactory level—one which 
03 fie the extremes of too little or too much. When a company wage 
aV ?. res ults in too low wages, the obvious effects are poor labor quality, 
h°h turnover, and recruitment difficulty. In an extreme case it might be 
that federal or state regulation could be invited. On the other hand, a 
level resulting in too high wages is equally undesirable. A stable 
labor force under such conditions could develop an organization that 
tends toward stagnation, and the obvious effect on profits and sales would 
be detrimental. 

For many concerns the wage level is formulated by taking into con 
sideration (I) the legal requirement. (2) going wage rates in the com 
munity, (3) the relative strength of labor in collective bargaining sessions 
(4) company profits and financial strength, (5) the productivity of labor 
(6) the supply of labor, and (7) the amount required for a living wage 
Although some companies aim to establish a wage level comparable to the 
average in the community, others try to maintain a level above that of 
the community average. Along this line, wage surveys are helpful in de¬ 
termining the community average or going rate of pay for a particular job. 
But regardless of how it is determined, a company must face the problem 
of establishing a level of wages for the concern. This is a vital and impor¬ 
tant decision because the final establishment of this level of wages has a 
considerable effect on the company's relations with other manufacturers 
in the community, its public relations, and its ability to attract and hold 
a satisfactory labor force. 


LEGAL REQUIREMENTS 

In an effort to prevent wages from dropping too low the Congress of 
the United States has passed several acts establishing a floor under wages. 
Such minimum wage laws are aimed at establishing a minimum health 
and decency wage level for all employees engaged in activities that could 
be construed to be interstate commerce. Certain groups such as profes¬ 
sional and sales personnel have been exempted under these laws. 

The Wage and Hour Law of 1938 (Fair Labor Standards Act) was 
of primary importance in raising wages from a general level of about $.35 
or $.40 per hour to a minimum of $.75 per hour for organizations en¬ 
gaged in interstate commerce. In addition, the law sought to spread 
employment by penalizing employers who worked employees over 40 
hours per week by requiring them to pay time and one-half, a 50 percent 
penalty, for all such overtime worked. The Walsh-Healy Act in general 
applied to employees working for companies which directly or indirectly 
were engaged in federal contracts of over $10,000. It differed from the 
Fair Labor Standards Act in two major aspects: time and one-half for 
overtime was made applicable to all work over eight hours a day instead 




462 WORK STANDARDS AND WAGES 

of all overtime in excess of forty hours a week as in the Fair Labor Stan¬ 
dards Act; and the minimum wage was established in accordance with 
the going rate in the community rather than by legislative fiat as was done 
in the Fair Labor Standards Act. The 1966 amendment to the Wage and 
Hour Law established a minimum wage of $1.40 per hour beginning 
February 1, 1967, and $1.60 per hour beginning February 1, 1968. 

In addition to such federal legislation, some states have also enacted 
laws similar to the federal Wage and Hour Law, but have not established 
minimum pay as high as the federal regulation. These state laws have 
little real applicability because of the broad interpretations given the fed¬ 
eral requirements governing business engaged in interstate commerce. 


JOB WORTH 

Once a general wage level has been decided upon that meets the legal 
requirements of the federal and state governments, management must still 
find an answer to the problem of determining how much shall be paid 
for a particular job. That is, what is a job worth? This is the invariable 
question that faces every manager and employer. For small concerns with 
only a few employees, determining the pay for a particular job presents 
no major problem because the relative importance of the few jobs can be 
fairly clearly determined. The small manufacturer with twenty jobs, for 
example, would have little difficulty in determining the relative worth 
in monetary terms of each job. Larger enterprises, however, employing 
a greater number of employees find the problem of establishing job differ¬ 
entials and relative worth much more complex and difficult. Many such 
concerns answer this question of how much to pay an employee on the 
basis of estimate, personal judgment, past business experience, rule-of- 
thumb techniques, and precedence. Obviously, such approaches might 
well result in pay inequities and employee dissatisfaction. As a result, 
many modern and aggressive firms have attempted to establish the worth 
of a job by determining the contribution of a particular job to the objec¬ 
tive of the enterprise. Determining an individual job’s contributions to 
the enterprise is difficult and almost impossible, however, without a scien¬ 
tific appraisal and evaluation of the relative worth of all jobs in the 
organization. Such an appraisal can be accomplished through an approach 
known as job evaluation. 


JOB EVALUATION 

Job evaluation is a systematic and orderly method of determining the 
relative worth of an individual job. Different jobs make varying demands 
on workers. One job, for example, might demand a prescribed level of 
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lion require a certain physical ability, or exact specific responsi- 
educa fj-Qjyi an employee, whereas another job may be very lax in these 
lobs, therefore, differ with respect to the demands made on the 
ee as well as in value to the company. The purpose of job evalu- 
C • is to compare all demands made on each worker and, by means of 
a “° n mparison, to.establish the relative worth of each job in a company. 
The comparison and evaluation may be made on a nonquantitalive basis 
'triply ranking or classifying the jobs from lowest to highest, or on a 
uantitative basis where point values are assigned to the various demands 
\ a job and its relative worth determined by the sum of such point 

va iTshould be noted that job evaluation is a system for determining the 
relative worth —not the price of a job. Job evaluation, so to speak, estab¬ 
lishes a job hierarchy in a company. This hierarchy is relatively stable or 
fixed Job pricing, on the other hand, is used to determine how much 
money will be paid for a particular jjb. This dollar amount fluctuates 
with economic conditions, demands for labor, the profit potential of the 
company, and similar factors. 


NEED FOR JOB 
DESCRIPTIONS AND JOB 
SPECIFICATIONS 

Before any job can be evaluated it is necessary to know what the duties 
of the job are. A job description is required, therefore, indicating in con¬ 
siderable detail the duties and responsibilities of each job or position in 
the company. From these job descriptions, individual job specifications 
are prepared. A job specification summarizes the job description and 
covers the abilities and qualities that an individual should possess to 
perform the job covered by the job description. Perhaps a more nearly 
accurate name would be to call this job specification an employee specifi¬ 
cation. On the basis of the information contained in these job or employee 
specifications, individual jobs in the company are evaluated, and obvi¬ 
ously because of this use, the information contained in the job specifica¬ 
tions must be accurate and reliable. Therefore, before employing any job 
specification for evaluation purposes, it has been found wise to review 
and study each specification in detail to be sure that there are no omis¬ 
sions and no duplications of responsibilities. In fact, in order to insure 
harmonious employee acceptance, it may be necessary in some cases to 
get a management-union opinion as to what duties, responsibilities, and 
so on, constitute a particular job. In some companies, for example, job 
specifications for every job in the plant are given to the union for review 
and agreement. Once all such job specifications have been agreed upon 
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JOB DESCRIPTION 
TI Form 20S-I (Shoo* I of 2) 
S/S6 


TI JOB TITLE. 


Rolod [71 

«*Ury Ratod | | 


DIVISION 


DEPARTMENT 


Job Daacrtption Summary: 


GENERAL! krwparra manufacturing dr.wiry■ and bill* of notarial for alcctronlc and 
machanleal aqulpmant, work# undar direct •upcrvlaon; ««y be araimed a alnpla 
electronic or nachanlcal project. Worka fron engineerIn* akatchaa, notea or aodala. 
Haa general knowledge of shop practlcee and Uni tall one. Hay direct, Instruct, and 
chock the work of other draftanan asrlyned to the project. 


EXAMPLES Of 


lUIPCKT USED : Drafting equipment, elide rulaa, calculator and 
varloua technical handbooka. 


DETAILED Dim I 


Kakea drawings and charta of nadlum cosgladty. 

Praparaa billa of material. 

Incorporatee atandard dealrna, parts, id tolerancea Into th# drawlnra. 
Hakaa changes to aviating drawing. 

May work on special aaalpnanti j auch aa, packaging requlrenanta and Uata. 
M*y be aeaigned a al*g>le electrical or nachanlcal project. 

May direct, Inetmct, and check the work of othsr draftenon aaalmod to the 
project. 

May maintain recorda pertaining to the project. 


9. May coordinate the work flow of the project. 


Promotion F rom: 


Junior Crefteman 


Promotion To 


Engineering Draftsman 



Figure 22.1. A typical job description form. (Courtesy Texas Instruments.) 

covering all jobs in the plant, we have the foundation for determining the 
relative worth of each job through one of several systems of job evaluation. 

NONQUANTITATIVE 
METHODS OF JOB 
EVALUATION 


Ranking. The ranking method of job evaluation is the least costly, 
simplest, and easiest to understand. As its name implies, this system of 
job evaluation consists of ranking the jobs in the organization from the 
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10 the highest. Thus, using the job specifications as guides, a 

k* WCSl chy of J obs can be cstablished w ‘ tb perhaps janitorial as lowest and 

hie d-die- makin S as highest. The ranking system is easier and quicker 

l °° ^the other types of job evaluation but it does not indicate how much 

tban . b differs from another, only that one job is relatively higher or 

° nC J °than another. Without a specific point of reference, raters in this 

^°* eT m ar e apt to be influenced by precedence and rate of pay in dcter- 

SyS - n «. relative standings of jobs, 
mining 


the relative standings of jobs. 

The ranking method is particularly appropriate for use in small orga- 
. adons in establishing the relative worth of jobs; salaries based on an 
Valuation by the ranking method will be much more consistent than 
e ^ osc determined by guess and expediency. Care, of course, must be exer¬ 
cised to prevent ranking on the basis of salary; rather, the idea is to deter¬ 
mine relative pay from the ranking. It is perhaps more suitable for 
supervisor)- and similar positions where intangible factors serve as the 
basis for comparison. 


Classification. In the job classification method of job evaluation, 
several grades or classifications of jobs are determined for the organiza¬ 
tion, and the various jobs in the company are fitted into these classes. For 
example, one company has three classes of jobs for machine operators: 
( 1 ) class 200 which includes skilled operators capable of doing tool and 
die work; (2) class 205, including such jobs as lathe and milling machine 
operators; and (3) class 210 which includes all other less skilled machine 
operators such as drill press operators, sanders. and the like. In a similar 
manner classes are established for all types of jobs in the plant. By thus 
establishing classes and fitting jobs into their particular niches the relative 
positions of jobs can be determined. The difficulty, of course, is describ¬ 
ing and defining each class so that it is easy to determine precisely where 
a job fits. 

QUANTITATIVE JOB 
EVALUATION 


In nonquantitative job evaluation previously discussed, the relative rank¬ 
ing of jobs was determined without reference to any points or numerical 
values and without specifically considering the various parts of a job. In 
quantitative systems of job evaluation, however, the parts of a job are 
considered and points are assigned according to their relative worth. 
Advocates of this system claim that such an analysis makes for a more 
nearly precise and accurate job classification and evaluation. 

Factor Comparison. In the factor comparison method, job factors 
are assigned monetary values. The factors usually consist of the following 
or combinations of the following: 
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1. Mental requirements of the employee. 

2. Skill requirements of the employee. 

3. Responsibilities that may be exacted from an employee. 

4. Physical requirements. 

5. Working conditions. 

Assigning monetary values to such factors is first done for well-known 
and easily recognized jobs, often spoken of as key jobs, by allocating the 
money paid for these key jobs to the various job factors making up the 
key job. After this, the factors of every job in the plant are compared 
to the factors of the key jobs and monetary values are assigned to these 
factors according to their relation to the comparable factors in the key 
jobs. For example, working conditions as a factor in a key job may be 
assigned a monetary value of 35 cents. The same factor, working condi¬ 
tions, in another job will be compared to this factor in the key job and 
will be given a monetary value. If the working conditions are much better 
in the job being evaluated than in the key job, the monetary value for 
this factor in the job being evaluated will be worth less than 35 cents— 
perhaps 20 cents. In a like manner the other factors of the job are com¬ 
pared and evaluated, and the total worth of the job determined by adding 
together the monetary values assigned to the factors. 

Proponents of the factor comparison system state that it is more nearly 
accurate than the ranking system because each factor of a job is compared. 
It is not difficult to understand and use the factor comparison system, and 
employees and union representatives can be trained quickly in its scale 
of values. Perhaps a source of weakness in this system would be in the 
selection of key jobs. They may be selected on the basis of precedence 
or wages, both of which may be in error. Thus, the real value of the 
scale depends on the key jobs and the wages paid for them. Also, because 
the factors are rated on the basis of monetary values, bias may result. 
This disadvantage can be overcome, as many companies have done, by 
dropping the monetary connotation and simply converting the various 
sums into points. 

Point Ratinc. There are many systems of job evaluation using point 
rating, but each has the common characteristic of assigning point values 
with prescribed limits to each pertinent job factor. It is one of the most 
popular evaluation systems and is used by over 75 percent of the com¬ 
panies employing some form of job evaluation. 

Briefly, the point rating method consists of: (1) breaking jobs down 
into their various compensable factors (skill, effort, and so on), (2) as¬ 
signing numerical values to each of these factors, and (3) summing the 
points to obtain a score and, therefore, the value for the job. Job factors 
used in this method vary, but they tend to cluster around the five basic 
ones of mental, skill, effort, responsibility, and working conditions. The 
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^nge of values assigned to each factor indicates its relative importance 
as a job requirement. For example, mental abilities may have a range of 
100 to 300, whereas working conditions may have only a range of 5 to 
20 The total point value of the top or highest ranking job can be 100 
or 1,000—in fact, any desired number of points. It is usually considered 
better to have a number larger than 100, however, so that new jobs can 
be fitted into the scale. In addition, the relative worth of one point is also 
decreased, perhaps enhancing accuracy. 

The major advantages claimed for the point rating system are the sta¬ 
bility of the scales once established, and the minimum influence exerted 
by human judgment because of the aids available to help reach decisions. 
This method, however, is difficult to set up, time consuming, and not too 
easily understood. It is most widely employed by large companies having 
complex job structures. 


PRICING THE JOB 

Once the relative worth of each job has been established through job 
evaluation, management’s next task is pricing the key jobs. If the com¬ 
pany is unionized it may well be that this job pricing will be a joint union- 
management venture with collective bargaining playing a large part in 
determining the prices to be paid for each major classification or key job. 
However, before any attempt is made to price the key jobs, a study should 
be made of the various factors existing in any community that have a 
bearing on wages, namely: 

1. Union wage scales. 

2. Prevailing wage rates in each occupation in the community. 

3. A comparison of the experience, education, skill, and the like required 
for the company’s jobs with other jobs in the community. 

4. The general living standards represented by each job classification. 

5. Legal requirements and existing wage laws. 

6. Estimated supply and demand of labor. 

7. Cost of living indexes. 

8. General level of labor productivity. 

9. Anticipated profits. 

Each of these factors should be carefully considered in its relation to 
the establishment of a base rate. Obviously the company wants its rate 
high enough to attract desirable workers, but not too much higher than 
the general wage level for comparable jobs in the community. Such an 
act might cause labor unrest, instigate a spiraling competitive wage rate, 
and/or gain the enmity of other companies in the area. Obvious, of course, 
is the fact that a base rate lower than that of the community would nor¬ 
mally not attract the quality and perhaps quantity of desired labor. 
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When prices have been established for key jobs by taking into account 
the above factors, it is not difficult to fill in the values for the jobs in 
between the key positions. Some companies employ the statistical device 
of fitting a trend line to the points on a chart showing the relationship 
between job rating and cents per hour (see Figure 22.2). 


MANAGERIAL ACCEPTANCE 

Job evaluation has grown in importance and use during the past two 
decades, and every indication points to an increased acceptance by man¬ 
agement as its techniques and applications are refined. In a survey by 
George Fry & Associates (Chicago) of over 500 companies using job evalu¬ 
ation plans, it was found that 97 percent of the companies surveyed would 
install a job evaluation program if they could relive their past—if they 
had it to do all over again. All companies with 5,000 or more employees 
stated they would install job evaluation plans if they did not have them. 
In fact, less than 1 percent of the companies said that job evaluation was 
unsatisfactory—in contrast to a 1947 survey by Princeton University re¬ 
vealing that between 20 percent and 30 percent of the contacted com¬ 
panies felt their job evaluation programs were unsatisfactory. This surely 
points to management's better understanding and application of the 
newer job evaluation techniques. . 

HOURLY RATE 
IN DOLLARS 



JOB RATING 


Figure 22.2. Relationship between job rating and hourly rate. 
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interesting sidelight of the survey is that eastern unions resist job 
don more than unions in central or western states. In fact, almost 
t times as many unions in eastern states protested the installation of 
Revaluation procedures as did western unions. Although there is no 
dv-made answer for this resistance, it may well be that western com- 
** have done a more effective job of educating the unions about the 
P erits of job evaluation thereby winning their support. 

10 From a statistical standpoint, the survey showed that in 34 percent of 
the companies, the union helped select the plan to use, in 18 percent of 
the companies the unions parucipated in the job evaluation program, and 
in 16 percent of the companies the plans were installed over union pro¬ 
tests In 83 percent of the companies the program is recognized in the 
union contract, with 59 percent of the contracts specifying it as an issue 
during negodations. These statistics again point out its increasing sig¬ 
nificance in wage determination. 


INDIVIDUAL 
EMPLOYEE PAY 

Once the pay for a specific job has been determined, the next step is 
to decide if all employees working at this job should be paid the same 
wage. The answer is invariably no. Additional factors other than those 
discussed in job evaluation and job pricing enter into the final wage paid 
an employee. Such intangibles as loyalty, seniority, attendveness, and 
the like should be given some consideration. If all employees working 
at the same job are not to be paid the same rate, the problem of deter¬ 
mining individual wage rates presents itself. Solving this problem may 
result in a system of incendve wages, which wifi be discussed in the next 
chapter. In addidon, it may result in establishing a wage range and de¬ 
vising methods of locating an employee's wage within this range. 

A wage range is simply the minimum and maximum that will be paid 
for a certain job; the salary of an individual employee can fluctuate be¬ 
tween these extremes. New employees, for example, may be brought on 
a job at the minimum of the wage range say, $1.60 per hour, and advanced 
in some fashion to the maximum of $2.10 if they so deserve. Some com¬ 
panies advance employees through the wage range on an automatic 
progression basis. Thus, if an employee is capable of performing a cer¬ 
tain job, his pay may be increased five cents per hour every six months 
until he reaches the top of the range. Other companies give an automatic 
progression up to some point in the rate range, say the halfway mark, 
and then have the employee's progress beyond this determined in accor¬ 
dance with some system of merit progression. 
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merit RATING 

Many companies employ a system of progression based on the relative 
merit of the employee as demonstrated by his efficiency, his job perfor¬ 
mance, and his overall job efficiency. One systematic approach to determin¬ 
ing the relative worth of each employee within a given range is known 
as merit rating. In this an attempt is made to rate the individual—not the 
job. Formal merit rating plans are mostly employed by large companies. 

Merit rating, however, has other uses than those strictly tied to pay. 

It can be used, for example, to determine whether or not an employee 
has the capabilities for promotion to a new job, transferal to another de¬ 
partment, or reassignment in another division. Some companies use merit 
rating to aid in selecting employees for special assignments and training, 
such as attending an executive development program. It can, of course 
be very useful to the employee in pointing out his weaknesses so that he 
can try to overcome them. 

For the major part, merit rating schemes employ either (1) rating scales, 
(2) check lists, or (3) an outright comparison of employee against em- 
ployee. 

In general, the rating scales are typical of those commonly used to 
evaluate just about any item or trait. They are "ruler like" in construc¬ 
tion with the poorest rating to the left, and by degrees the rating im¬ 
proves until the top ranking is found at the far right of the scale. Figure 
22.3 illustrates employee evaluation forms used by a large company. 

In the check list method, several statements are made regarding em¬ 
ployee performance on various phases. Most often such lists force the 
checking of the item most nearly describing the employee, thereby leaving 
out no particular factor. In some cases values may be assigned to the fac¬ 
tors and in others a "profile" is established by the checks indicating the 
employee's relative weaknesses and strengths. 

In employee comparison systems the relative overall performance of 
employees is established. The comparison may be done on a straight 
employee ranking system, with the poorest employee on the bottom and 
the best on the top. Or it may take the form of comparing each employee 
on a job with all other employees on the same job, thereby determining 
their relative worths. 

In each of these systems of merit rating such typical factors as em¬ 
ployee education, character, speed, performance, cooperation, intent, 
decision making ability, dependability, loyalty, leadership, stability, ap¬ 
pearance, work knowledge, accuracy, and initiative are considered. It 
should be realized, however, that the rating given a particular employee 
is only as good as the supervisor's understanding and knowledge of the 



WOODWARD GOVERNOR COMPANY 

SUPERVISORY RATING FORM 


WOODW ARD GOVERNOR COMPANY 

SUPERVISORY AND SALARIED MEMBER’S 
EVALUATION RATING SHEET 


>inoN. 


|. PRODUCTIVITY 

Consider whether the member's output of work is unusually high and more 
than expected, only Use reouired amount and seldom more, or frequently 
below the required amount. Consider also any special or miscellaneous services 
contributed beyond routine or assigned duties such as suggestions, ideas, coat 
saving methods, etc. 

Consider the thoroughness and neatness of the work, whether he makes 
many errors and is careless, and whether he turns over a complete job or 
leaves a lot of loose ends. Consider whether he goes to necessary sources for 
information required to satisfactory carry out assigned project 
H. PERSONAL CHARACTERISTICS 

Consider to what degree the member secures and retains the respect and 
confidence of fellow members Consider dependability, aggressiveness (energy 
and courage), integrirv (truthfulness and sincerity), perseverance (industry 
and ambition). Consider appearance and manner, reliability, tactfulness and 
self confidence. Consider bis ability to express himself orally and in writ- 


25— 


self confidence. Consider bis ability to express himself orally and in writ¬ 
ing. and his ability to follow instructions. 

III. ATTITUDE 

Consider member's ability to cooperate and work successfully with others. 10_ 

Consider hit point of view toward his associates from standpoint of unselfish- 5- 

ness, kindness, cherfulness. etc. Consider hit open mindcdness and willing 0- 

ness to try out new ideas, and his interest in his job. 

IV. CENERAL INTELLIGENCE AND SPECIALIZED 
KNOWLEDGE * 

Consider member's allaround intelligence from the standpoint of brain 15_ 

power, resourcefulness, creativity, breadth of vision and ease of learning. 10- 

Consider his originality, ingenuity and ptogressiveness. Consider also his 5- 

desire to grasp and develop improved methods and his appreciation of the 0_ 

C lems of the organization as a whole in relation to his own Consider the 
•e of success with which the member applies hit technical or otherwise 
specialized knowledge. Consider his ability to analyze a problem or project 
intelligently and get at the root of the matter. 

V. ABILITY TO PLAN AND ORGANIZE 

Consider member's ability to organize and plan work successfully, his ability 15- 

to meet emergencies calmly and skillfully and to form conclusions by logical 10 _ 

reasoning. Consider his thoroughness and grasp of essential details. 5_ 

0 - 

If he is in a supervisory capacity, consider his ability to assign work in the 
best order to the most suitable men; his ability to supervise and lead his fellow 
members, welding them into a loyal and effective unit. Consider his ability 
to get work done by those under his supervision without promise of reward 
or tnreal of punishment. Consider his success in selecting and training com¬ 
petent personnel. 


Figure 223. Rating forms used by Woodward Governor Co. (Courtesy H'ooduard Got- 
emor Co.) 
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procedure. Because of this, particular care should be given to adequately 
training all supervisors and others who are responsible for employee 
rating; and for a unified approach in a company, each factor should be 
carefully defined so that each supervisor or person rating an employee will 
have the same basis for judgment. 

The frequency for rating employees is usually set forth by company 
policy. In some companies a rating may be made every three or six months. 
Others rate employees once a year. 


EFFECT OF 
MERIT RATING 
ON PAY 

Once a rating has been determined for an employee its effect on his pay 
varies from company to company. Some companies use merit ratings 
merely as informal guides for rate changes. Other companies consider, 
in addition to the merit rating, such factors as loyalty, service, employee 
demand, and an employee’s potential. Perhaps at the extreme are those 
concerns which precisely convert the merit rating into a cents per hour 
increase for the employee. 


OTHER PAY CHANGES 

As previously indicated, minimum and maximum rates are established 
for jobs through job pricing. Once an individual has reached the top 
of the bracket his usual avenue for an increase in wages is through pro¬ 
motion to a job with a higher classification. Many employers, however, 
have ‘’old timers" who are at the top of their wage scale, who do not have 
the ability to be promoted, yet who, because of their years of faithfulness 
and loyal service, deserve some consideration other than a gold watch. 
In such cases, length of service bonuses are given by some firms. Such 
bonuses may take the form of an automatic increase of say two cents per 
hour every five years, or the bonus may start after the tenth year of con¬ 
tinuous employment with automatic progression as the years pass. Service 
bonuses usually are not on a percentage basis but are the same quantita¬ 
tively for all employees having similar service. Other companies, instead 
of giving service bonuses, increase employee benefits or paid vacations 
with increments in service. For example, the number of weeks of paid 
vacation might be increased to three weeks after ten years of service, and 
the like. 
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A SATISFACTORY WAGE 

It can be seen from the foregoing discussion that the problem of deter¬ 
mining an employee s pay is no easy job. Although various systems can be 
devised to rank jobs, evaluate jobs, and establish the wages for jobs, the 
paycheck for the performance of work is made out to an individual per¬ 
son, and individuals differ in their performances and capacities—even 
those qualified to perform identical jobs. Variations in such qualifications 
aye recognized by management and through the use of rating systems and 
evaluating procedures attempts are made to determine a just and satis¬ 
factory wage. 

Many companies, in addition to taking the measures discussed above, 
attempt to achieve a satisfactory wage by tying it in with some cost of 
living index, such as the consumer s price index. Thus, when the cost 
of living rises, employees’ wages rise. The difficulty with this scheme 
is in reducing the pay when the cost of living decreases. Other companies 
tie in the employee’s productivity to his wages. In an attempt to establish 
a satisfactory wage, the Ford Motor Company and other automotive con¬ 
cerns in 1955 embarked upon a system of supplemental unemployment 
benefits over and above those normally received from unemployment com¬ 
pensation. Some companies such as Procter & Gamble and Hormel have 
established guaranteed annual wages, hoping by such means to insure 
the employee of a satisfactory wage and standard of living. 

In this chapter we have discussed a few of the systematic approaches 
used by industry in its attempt to evaluate the relative worth of an indi¬ 
vidual and pay him a just and satisfactory wage. The final determination 
of what an individual's wage should be is a tough problem; however, by 
employing some of the techniques covered in this chapter, both manage¬ 
ment and labor agree that a more nearly just and equitable wage scale 
can be developed. 


STUDY QUESTIONS 


1. Explain the difference between real and monetary wages. Which should be 
most important to labor? 

2. Is the determination of a wage level a policy decision? Why? What factors 
should be considered in determining a satisfactory wage level? 

3. What is job evaluation? How does it help determine the worth of an indi¬ 
vidual job? 
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4. Explain the difference between a job description and a job specification. How 
is each used? 

5. Briefly explain the ranking system of job evaluation. The classification system. 

6. What is the factor comparison method of job evaluation? Which factors are 
commonly used? 

7. How does the point rating method differ from the other systems of job evalu¬ 
ation? 

8. What is job pricing? What factors should be considered in pricing a job? 

9. Should any distinction be made in wages between employees doing the same 
job with equal skill? If so. on what basis? 

10. What is a satisfactory wage? Explain some of the ways management has at- 
tempted to achieve a satisfactory wage. 
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WAGE 

PAYMENT 

PLANS 



One of management’s toughest and most critical jobs is de¬ 
termining what type of wage payment plan to use. Upon its 
careful selection and introduction rests the future earning 
power of the firm. Choosing the appropriate plan will, to a 
large degree, play a prominent role in determining employee 
satisfaction, productivity, morale, and turnover. Despite its 
importance and critical role, however, many managers just 
“fall into” a system of wage payment with little or no real 
thought being given to it. The purpose of this chapter, 
therefore, is to examine the basic wage payment plans so that 
we may better underst^d their characteristics, special fea¬ 
tures, and potential applicability. 

It is obvious, of course, that in any system of wage pay- 
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ment, either time, productivity, or a combination of the two serves as the 
basis for determining the amount of money that should be paid an em 
ployee. The most common system of paying workers, however, is on the 
basis of time, usually expressed as a rate per hour. 


TIME AS A 
BASIS FOR PAY 

Probably the prevalence of time wages results from the ease with which 
rates can be calculated and understood. Many unions, however, prefer 
time wages because employees are assured of a certain income for a given 
period of work. For some jobs, of course, time is the only logical basis 
on which to pay employees because of the erratic or nonrepetitive nature 
of the work. On other jobs, time must be used because the units of output 
cannot be either distinguished or measured, nor can the quantity of output 
be controlled. In addition to these instances, time is used as the basis for 
pay in such highly skilled work as tool making where quality is important 
and output is secondary. Wages based on time for direct workers are 
usually set at a specified rate per hour, whereas indirect employees are 
more often than not paid their salaries on a weekly basis. 

Time payment, however, has two major disadvantages: (1) There is 
no immediate relation between an employee's accomplishments and his 
pay, that is, no recognition is given for differences in individual em¬ 
ployees' outputs, and (2) management finds it difficult to estimate in ad¬ 
vance how much it will cost to produce a unit of output because of the 
variation in output by different individuals. To overcome t^hese disadvan¬ 
tages as well as gain other advantages, many companies where possible 
pay on the basis of employee output. 


PRODUCTIVITY AS A 
BASIS FOR PAY 

When productivity is used as a basis for pay, the employee’s pay is directly 
related to the amount of work he performs. Pay in such cases is calculated 
in accordance with a wage incentive plan. Various surveys have been 
made of the prevalence of incentive wage payment plans. If we plotted a 
curve of incentive use by industry since 1930, we would have a fluctuating 
line that indicated a gradual trend in increased incentive applications. 
Currently, we appear to be in a downtrend or slight "incentive recession." 
Several explanations may be offered for this decrease. 

Automated and machine-paced work, of course, are leading factors in 
the erosion of incentive pay schemes. Pressure by powerful unions which 
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nosed to incentives have also caused management to back off. In 
are 0 PP° ^ ^gse, poor incentive installations and inadequate mainte- 
additjon have taken t heir toll of incentive applications. Despite 

nanCC native aspects, however, incentives are still relatively popular with 
thc * labor and management. Current estimates on the number of em- 
1,01 covered by incentive pay systems range between 30 and 45 percent. 


ployees 


There are various reasons for this relative popularity of incentive wage 
plans, namely: 


1 Unit cost is usually less under incentive wage plans. 

2 individual differences in employee output can be recognized and re¬ 
warded. 

3 Unit cost can be established with fair certainty. 

4 Employees like the opportunity to increase their pay by increased effort. 
‘ thus they get a fair day’s pay for a fair day s work. 

_ Morale is often better under a well-administered plan where an em- 
ployce can see the relationship between his work and his pay. 

6 costs can be estimated with greater accuracy. 

7 Ley supervision in terms of output w required. 


Incentive plans, however, are usually much more expensive to install, 
maintain, and administer than hourly wage plans. To be just and effec¬ 
tive incentive plans require standard working conditions, standard prod¬ 
ucts a well-ordered system of control, and a well-conceived and operated 
system of determining standards of output, that is. determining what con¬ 
stitutes a fair day's work. In some instances, therefore, the additional 
costs resulting from meeting these requirements may more than offset the 
economic advantages that can be gained through incentive installations. 


OBJECTIVES OF WAGE 
INCENTIVES 

Any well-conceived wage incentive plan will be beneficial to both labor 
and management, and any plan which does not recognize this dual obliga¬ 
tion will not work. It should be obvious that a plan which benefits only 
management will not be acceptable to the employees; and conversely, a 
plan which awards every benefit to the workers would not be suitable 
to management. An effective incentive plan, therefore, should include 
the following objectives: 

For Management: 

1. Lowered unit costs resulting from increased output. 

2. Improved cost control leading to more consistent, more uniform, and less 
variable production costs. 

3. Improved utilization of facilities. 
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4. Increased worker morale due to earnings becoming proportionate to 
efforts. 

For Employment: 

5. An opportunity to earn money in proportion to individual effort. 

6. An opportunity for recognition of individual performance. 

7. An opportunity to control partially their standards of living by their 
own initiative. 1 


PREREQUISITES FOR AN 
INCENTIVE INSTALLATION 

The fundamentals for the installation of a wage incentive plan were dis¬ 
cussed in the previous chapter. Reviewing them briefly, however, might 
serve to fix them better in our minds. First, a dear description of each 
job with its duties and responsibilities must be developed. This is known 
as a job description. Second, from these job descriptions, employee or 
job classifications must be made. These job classifications serve as a work¬ 
ing basis for evaluating the relative worth of all jobs in the plant. Third 
key jobs are determined from the classifications and these key jobs are 
then evaluated using one or a combination of the methods of job evalu¬ 
ation previously discussed. After the key jobs have been evaluated, the 
other jobs in the company are fitted into the structure using the same 
techniques of job evaluation used for the key jobs. This establishes the 
hierarchy of jobs. Fourth, each position in the organization must be fairly 
priced and in doing this the going rates of pay in the plant, industry, and 
community should be taken into consideration along with other factors. 
These job rates, when established, represent the minimum money that 
will be paid any employees performing the job satisfactorily. Last, incen¬ 
tive work standards, or output quotas, must be established. Incentive work 
standards and rate structures are two different things, however, and should 
be kept separate at all times. The rate structure of a company indicates 
the pay for a job. The incentive standard indicates the prescribed level 
of output for a job and has no connection with proper job evaluation of 
job pricing. 

By going through the first four steps mentioned above, management 
can establish for itself a rate structure which will serve as a sound basis 
for installing an incentive pay plan. For actually determining the work 
standards, however, management must provide for an industrial engineer¬ 
ing department with a well-developed methods improvement program and 
a well-trained standards department. 

1 Fergus C. Chandler, "Wage Incentive in Small Business," Management Aids for 
Small Business No. 57 (Washington: Small Business Administration, 1954), p. 1. 
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NECESSITY FOR CAREFULLY 
ESTABLISHED STANDARDS 


dard of'output is the quantity of work that an average, well-trained 
A St ^ ee working at normal pace should be able to accomplish in a given 
^ V)d of time. Because the objective of incentive pay is to offer the em- 
l* 11 exlra pay for meeting a certain standard of output, the success of 
pl°y ee c ends on establishing this standard with fairness and objec- 
2 ^ a °A standard that is too "loose’-' or too low in terms of quantity of 
liVl1 ^ is neither just nor fair to management and results in an unduly 
h^JTunit cost. On the other hand, a standard that is too high or too 
I) 1 ? ht” is not fair to the-employee and results in unduly low earnings. 
Thus despite an employee’s best efforts, he might not be able to achieve 
.. sl andard and thereby increase his earnings. Obviously a standard 
3 f Output should be neither too high nor too low but should be a true 
reflection of an average employee’s expected output at normal effort under 
[he conditions of work existing in the plant. The only reliable basis for 
carefully establishing work loads or standards is the use of time studies, 
time study data, or a proved system of predetermined time standards. 
Only through employing such techniques can management be sure that 
its work standards are just, and that they are comparable to the task 
requirements of employees on different jobs. Systems of determining work 
standards based on estimates, judgment, past experience, or some rule-of- 
thumb technique should never be used as final performance standards in 
an incentive installation. Obviously such hit-or-miss standards cannot be 
justified to the employees either on the basis of sound analysis or on fact. 


INCENTIVE PAY PLANS 

The number of individual incentive pay plans is legion. Almost every 
company has a new "twist" or an added feature to a common basic plan. 
Some of these additions materially alter the plan whereas others are 
mainly of a "window dressing" nature. To attempt a discussion of each of 
these plans would not only be impossible, but would involve unnecessary 
work and complications. Therefore, only the following plans that are rep¬ 
resentative of those used will be discussed here, namely: 

1. Straight piece work. 

2. Straight piece work with a guaranteed base. 

3. Halsey 50-50 Plan. 

4. 100 percent bonus plan. 
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5. Rowan Plan. » 

6. Measured day work. 

7. Bedaux Plan. 

8. Group plan. 

Straight Piece Work. In this plan a prescribed amount of money is 
paid for each unit of output produced. This unit price is calculated by 
dividing the standard hourly output, as determined by time study, into 
the "price” assigned to the job. Thus, if the standard were established at 
25 units per hour and the going wage rate in the community for this type 
of work is $2.00 per hour, then the piece rate for this job would be 8 cents 
per unit. If an employee produces at the rate of 15 units per hour, his 
pay for an 8-hour day under this plan would be $9.60, calculated by multi¬ 
plying his total output (120)'by the rate per piece (8 cents). If he pro¬ 
duced at the rate of 35 units per hour his daily wage would be $22.40. 
This piece rate plan can be expressed in a formula as follows: 

Wage = Output x piece rate 

The straight piece work plan is clear, simple, and easily understood by 
the workers, and it provides a constant unit labor cost for management. 

It has two major disadvantages, however, and because of them it is not 
widely used. (1) Any change in the overall wage scale necessitates a vast 
amount of clerical work in the computation of new piece rates for every 
job. Thus, if a union negotiated an 8-cents-per-hour increase, every piece 
rate in a plant would have to be recalculated. (2) This plan does not 
guarantee the worker any specified base earnings irrespective of his out¬ 
put. When an employee's production falls below the standard he is only 
paid for what he produces. Most employees want the assurance that they 
will be paid a guaranteed minimum for every hour spent in the plant 
regardless of output. This plan lacks this element of security of earnings. 

Straight Piece Rate with a Guaranteed Base. This plan is one of 
the more commonly used plans. It is essentially the same as the straight 
piece rate plan, above, except that an hourly base rate usually equivalent 
to the going rate for the job is guaranteed. Using 25 units per hour as 
standard output and $2.00 per hour as the base rate, an employee pro¬ 
ducing at the rate of only 15 units per hour would earn $16.00 for an 
8-hour day ($2.00 x 8 hours). Thus, despite the fact that he did not 
achieve standard, he would still make the guaranteed base of $2.00 per 
hour. Under this plan the employee receives a straight piece rate per unit 
for all units over and above the standard output. Thus, if producing at 
the rate of 35 units per hour a worker would make the two-dollar base 
per hour, plus 8 cents ($2.00 -r- 25) for each unit over standard, or $2.80 
per hour. His daily wage, therefore, would be $22.40, calculated as fol¬ 
lows: 
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35 X 8 cents x 8 hrs. = $22.40 

lan has all the characteristics of the straight piece work plan 
11115 ept that it has the guaranteed base lacking in the straight piece 
ab ° VC t „ and unit costs, if production is below standard, are neither 

50-50 Plan. This was one of the first incentive plans that 
i • ^ed from some form of straight piece work. It was devised by F. A. 

1 * and was one of the first, if not the first, to use a guaranteed base 
HaSC ^ ess standards in terms of time rather than money. In general, 
*h Halsey 50-50 plan guaranteed to a worker a certain base rate and 
thC him in addition a certain percentage of the time he saved on the job. 
O Tput standards under this plan were not determined from time study 
but from previous production records. The bonus for the total time saved 
split between labor and management in some proportion varying from 

Tbout >/ s to Vi. a 50-50 s P lk raost common - 

With a 50 percent division in savings, an employee's wages under this 

lan would be equal to the hourly rate multiplied by the actual time 

worked, plus / of the time saved multiplied by the hourly rate. This can 

be expressed as a formula by letting: 

W = Wages 
H = Hourly Rate 
S = Standard Time 
A = Actual Time 

Using the above symbols the formula for the Halsey Plan with savings 
split 50-50 would be: 

W = HA + ( S -* H 


Thus, with a standard of 25 units per hour and a base rate of pay of 
$2.00 per hour, an employee producing at the rate of 15 units per hour 
for an 8-hour day would receive $16.00. If, however, the worker produced 
at the rate of 35 units per hour, he would be producing 10 extra units per 
hour or 40 percent extra output. Therefore, at the end of 8 hours he 
would have produced 280 units of output (35 units per hour times 8 
hours), or in terras of standard hours, 11.2 standard hours (280 -r- 25). His 
pay therefore would be: 

W = (>2-00 X 8) + p 11 2 ~ 2 8 ) * 2 -°°] 

W = $16.00 + 

W = $19.20 
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Thus, with a 40 percent increase in output the employee received a 20 
percent increase in pay, because the bonus was split 50-50. 

As indicated in Chapter 21, the establishment of standards on the basis 
of an employee’s previous output or previous production, as in the Halsey 
Plan, is generally not acceptable today. Such a practice penalizes past 
good workers and rewards past poor workers. This is true because a good 
employee would have produced a fairly large amount of output in the 
past. Using an employee’s past output as a standard, his possible increase 
in output and, therefore, earnings would not be very large. On the other 
hand, a poor employee would have produced only a nominal amount in 
the past. Using this as a standard, he should easily exceed it and, there¬ 
fore, increase his earnings more than he deserved. 

From a cost standpoint this plan is not desirable because unit costs vary 
at all levels of output. Though not too complex, the split feature of the 
Halsey Plan is a drawback in that it is difficult for employees to under¬ 
stand the reason why they should share their bonus with management in 
any proportion. This plan, however, is very easy to introduce because no 
time standards or preliminary wage studies have to be made. Because of 
this feature, the Halsey 50-50 Plan is sometimes used as a transitional 
plan so that employees can earn extra pay for extra work while provisions 
are being made to establish a well-conceived plan. In the textile and gar¬ 
ment industries, this type plan is sometimes used while an employee is 
learning a job. 

100 Percent Bonus Pi.an. This plan, sometimes called the hour-for- 
hour plan, is perhaps the most commonly used plan. It is identical to 
the straight piece work with a guaranteed base except that allowances are 
made in terms of time for each unit of output instead of in terms of 
money. 

Using 25 units per hour as standard and $2.00 as the going rate per 
hour, an operator would be allowed 2.4 minutes per unit of output in 
place of a piece rate of 8 cents per unit. Therefore, if an employee pro¬ 
duced at the rate of 15 units per hour under this plan, his daily wage 
would be $16.00 since he would receive the guaranteed base of $2.00 per 
hour, but he would not receive a bonus because he did not exceed the 
standard of 25 units per hour. If, however, his rate of output were 35 units 
per hour, he would receive an allowance of 2.4 minutes per unit for the 
10 units produced over the standard of 25 units per hour. This allowance 
would total 192 minutes for the 8-hour shift (2.4 min. x 8 hours X 10 
units). His pay for the day therefore would amount to $22.40, calculated 
by adding to the guaranteed base of $16.00, the pay for the 192 allowed 
minutes (192 ~ 60 x $2.00). 

The 100 percent Bonus Plan has all the characteristics of the straight 
piece rate plan with the guaranteed base, but has the added feature that 
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• ce rates do not have to be recalculated every time the wage rate 
p ‘ eC s Thus, when an employee’s base pay is raised from $2.00 to $2.25 
^ hour, the only change in computing his pay would be to substitute 
€925 the new hourly rate of pay, for the old hourly rate of $2.00. This 
f ature is particularly advantageous to industry today because of the wide- 
pread use of rate ranges and varying hourly base rates of pay. Thus, sev¬ 
eral employees having identical output for the same job v/ould have the 
same allowances in terms of time, but each would receive a different wage 
in accordance with his base rate. For example, if an employee with a base 
rate of $2 50 per hour produced 10 extra units per hour with an allow¬ 
ance of 2.4 minutes per unit, his wages for one day would be: 

x $2.50^ = $28.00 

This plan is generally agreed to be the most universally suitable incen¬ 
tive plan for all incentive installations. It has the advantage of having 
carefully set standards based on accurate systems of time studies. In addi¬ 
tion, it is easily understood by all employees, and has the guaranteed base 
feature which they desire. Wages arc not difficult to calculate under this 
plan and changes in individual or general wage rates do not necessitate 
a recalculation of piece rates. Finally, with this plan, management can 
calculate the percentage of efficiency of a cost center, department, or the 
entire plant by using the formula 


/192 

(8 his. x 52.50) + ( gQ- 


Efficiency = 


Standard Hours Earned 
Actual Hours Worked 


Rowan Plan. This incentive wage plan gets its name from Mr. James 
Rowan of Scotland. It is very similar to the Halsey Plan except that sav¬ 
ings are expressed as a percentage of the standard time. Using the symbols 
previously given, the formula for the Rowan Plan would be: 

W = HA + HA 

As in the Halsey Plan, the base rate is guaranteed; however, under this 
plan an employee can never double his rate of pay regardless of how 
poorly the standard has been set. because his saving is expressed as a ratio 
to the standard time. Under the Halsey Plan, of course, pay rates could be 
doubled. Calculating pay under the Rowan Plan is not difficult. For ex¬ 
ample, if the standard time for a job amounted to 12 hours and the job 
was performed in 8 hours, then at a base rate of $2.00 per hour an em¬ 
ployee’s wage for 8 hours would be: 


W = ($2.00 x 8 ) + $2.00 x 8 
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W = $16.00 + X $16.00 ) 

W = $21.34 

Because savings are expressed as a percentage of standard, this plan can 
be used where standards are not carefully determined but are based on 
guess or past experience. Like the Halsey Plan, the Rowan Plan can also 
be used for transitional purposes. The Rowan Plan, however, is fairly 
difficult for employees to understand and is practically never used in this 
country. 

Measured Day Work. Measured day work represents an attempt to 
combine the advantages of incentive pay with the advantages of straight 
time work. It had its genesis in the 1930s when piece work and incentive 
plans were not popular, and at that time represented a semiconcession 
to labor's dislike of such incentive plans. 

In measured day work, a standard of. output is carefully established 
using time study or some other accepted procedure. A base rate for the 
job is set employing the principles of job evaluation and job pricing previ¬ 
ously discussed. Periodically, usually quarterly, the employee is evaluated 
by merit rating, considering such things as his skill, efficiency, dependa¬ 
bility, stability, work knowledge, initiative, and the mentality required. 
On the basis of this evaluation and the employee's output efficiency, the 
employee's wage rate is adjusted and he is paid at this new base rate for 
the following quarter. Thus, the base rate during a current quarter results 
from an employee's performance during the previous quarter; and his per¬ 
formance during the current three months determines his base rate for 
the subsequent three months. For example, if an employee’s efficiency, de¬ 
pendability, and the like resulted in a rate of $2.00 per hour, his wages for 
the following three-month period would be calculated by multiplying the 
hours worked by this base rate. During the subsequent three-month period 
an employee s base rate might increase or decrease as a result of his effi¬ 
ciency and merit rating, and his hourly rate might be greater than or less 
than $2.00. Figure 23.1 illustrates diagrammatically the effect of current 
performance on future pay. 
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Figure 2S.1. The effect of measured day work. 
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Measured day work does not appeal to the worker because of the pos- 
'bility of a decrease in his hourly rate. As long as the hourly rate in- 
51 ases of course, he is happy. As an incentive plan, measured day work 
lacks the feature of linking today’s productivity with today’s pay; instead, 
the efficiency for the current period determines the base rate for the next 
nod. This is too great a separation of reward from performance. Be¬ 
cause of these features, a very heavy burden is placed on supervision to 
keep an employee's efficiency up and if possible increasing. In general, this 
plan is most successful where some measure of output is desired but a 
strong incentive is not applicable. It is used by some large corporations 
for shop work but is more commonly found in clerical operations. If 
desired, the incentive feature, which is weak at best, may be dropped and 
the plan used simply as a control or measuring device. 


Bedaux Plan. This plan is typical of the point plans that emerged 
during the 1920s. In the Bedaux Plan units of work are expressed as 
“B’s,” where one "B” is equal to the amount of work and rest that would 
normally be allowed an employee for one minute. Sixty “B’s,” therefore, 
would be standard performance for one hour. Under this plan all jobs 
are measured in terms of points, and an employee receives a bonus in 
addition to his base rate for all points earned in excess of the normally 
expected 60 "B’s,” per hour. This bonus varies with installations, but in 
the original system it amounted to 75 percent of the number of points 
over 60 per hour. Thus, if standard for a job were six hours and the worker 
did the job in four hours, then two hours or 120 points or "B’s” would 
have been saved. Using a base rate of $2.00 per hour, his pay for four 
hours would be the guaranteed base of $8.00 plus 75 percent of the amount 
saved, making a total of $11.00. 

In most installations today, particularly textiles, where the Bedaux sys¬ 
tem is employed, the employee gets paid 100 percent of his savings, not 
a percentage such as the original 75 percent. As a result of this change 
the plan is, in effect, a straight piece work plan with a guaranteed base. 


Group Plans. Where the output of a single individual cannot be 
measured but the output of a group can be measured, or where the output 
of an individual can be measured but is dependent on the output of other 
employees, group incentive plans are often used. Many types of incentive 
plans can be applied to such group situations. Basically, all that is re¬ 
quired is for earnings to be equitably distributed among the members of 
the group. This distribution may prove difficult, however, where various 
members of the group have differing base rates of pay. Where such a 
situation exists, the 100 percent bonus plan gets around this difficulty by 
making allowances in terms of time. The total time earned and allowed 
for the group, therefore, can be divided among the employees and their 
individual pay determined using their own base rates. 
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REQUIREMENTS FOR A 
SUCCESSFUL INCENTIVE 
PAY PLAN 

For an incentive plan to be successful it should be satisfactory to the em¬ 
ployees as well as to management. Many factors are helpful in achiev¬ 
ing this mutual satisfaction. The following points are among the major 
essentials for a successful incentive installation: 

1. An incentive wage plan should be explained and discussed with all em¬ 
ployees and supervisors before it is installed. Employee acceptance and 
cooperation is much more likely if they have a part in its inception and 
development. 2 3 * 5 

2. The plan should allow for earnings to be in direct proportion to an em¬ 
ployee's output above the work standard. Employees do not like to share 
their earned extra pay with management; instead, they favor plans 
where they receive full benefit from their extra effort. If a standard is 
fair and just, the worker deserves all his extra pay for his extra effort; 
if the standard is not just, such a standard should not be used .3 

3. An incentive plan above all should be easily understood by the workers 
and be simple enough so that they can easily calculate their wages. 
Complicated plans and formulas sow seeds of doubt and distrust in the 
worker's mind. Any plan that is difficult to understand will hardly be 
accepted by the employees, no matter how fair or just it is.* 

4. Extra pay for extra effort should be received soon after the pay is 
earned. Employees do not like to be rewarded next month for extra 
effort expended today. 

5. The spread between the guaranteed and the incentive pay rate should 
be large enough to warrant extra effort on the part of employees. For 
most companies this averages about 25 percent. 6 

6. A guaranteed base rate should be included in any plan. This constitutes 
the element of security that employees want Because they lacked this 
feature, many early plans were rejected by employees. Workers want to 
be assured that they will receive a minimum given wage regardless of 
their effort or output. This wage is the minimum base on which they 
plan their standard of living and home life. 6 

7. Work standards should be equitably established and guaranteed against- 
change. Proportional effort on various jobs should be rewarded propor¬ 
tionally and no standards should ever be charged unless (1) an error 
has been made in calculation (and even here if the ertor is relatively 


2 David W. Belcher. Wage and Salary Administration, 2nd ed. (Englewood Cliffs, 
N. J.: Prentice-Hall. Inc., 1962). pp. 424-25. 

3 J. K. Louden and J. Wayne Deegan. Wage Incentives, 2nd ed. (New York: John 
Wiley & Sons. Inc., 1959). p. 25. 

* Ibid., p. 26. 

5 Ibid., p. 26. 

6 Ibid., p. 26. 
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small no change should be made), or unless (2) a change in work meth¬ 
ods or work conditions has been effected. This rule must be strictly 
adhered to by management. In fact, the irresponsible changing of work 
standards is the historical cause for much of labor's distrust of both 
management and incentive pay systems. If an employee is justly earning 
an ‘'excessive" bonus, his rate should not be cut. Instead management 
should be glad to have such an efficient employee on its payroll. 7 

8 Accurate and consistent standards of output should be used as the 
foundation for a sound incentive installation. Most plants use stop 
watch studies, though since about 1949 an increase in the use of prede¬ 
termined time standards has occurred. A fair and just standard is the 
key to any incentive plan, and employees must have confidence in both 
the technical capacity and the integrity of those who establish these 

standards. 8 

9 standard working conditions should exist. Standard work methods, stan¬ 
dard work places, standard materials, standard control procedures, etc. 
are necessary for any system of incentives. Standardization is the basis 
of incentive work.® 

10. Equitable adjustments should be provided for an employee who fails 
to meet the standard for reasons beyond his control. 10 

11 standards of output must be based on established and recognized qual¬ 
ity requirements. Employees should not be paid for substandard work. 
In fact, some provision may be necessary to control waste if it is exces¬ 
sive. 11 

12. Unit costs should be constant once standard output has been achieved. 
This is important for management from a cost, budget, and estimating 
point of view. 12 

13. A check should be made to be sure that all employees are meeting or 
exceeding the standard. If they are not meeting the standard, improper 
training or a change in working conditions may be responsible for the 
situation and should be corrected. Not earning a bonus can be a real 
cause of employee dissatisfaction under an incentive wage system. 13 

14. A clear-cut and definite policy should be established indicating what 
management expects, and what it will do. A weak and changeable 
policy toward incentive pay discrepancies can do much to destroy the 
worker’s confidence. In case of doubt, a decision should be made in 
favor of the worker. 14 

15. An incentive plan once installed should be rigidly maintained. Vigi¬ 
lance is the price of success, and an incentive plan is not something that 
can be set up and then forgotten. Any system of incentive pay that is 
worth installing is worth maintaining. 15 

7 Ibid., pp. 26-27. 

8 Belcher, op. cit., pp. 425-26. 

» Louden and Deegan, op cit.. p. 27. 

lOIbid , p. 27. 

11 Ibid., p. 27. 

12 Ibid., p. 27. 

13 Belcher, op. cit., p. 430. 

14 Louden and Deegan, op. cit., p. 27. 

15 Ibid., p. 28. 
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ORGANIZED LABOR'S 
ATTITUDE 

Organized labor is keenly interested in any plan of pay used by manage¬ 
ment. Although many people have the opinion that organized labor is 
unalterably opposed to incentive systems, this is not so. Some unions, such 
as the miners, textile workers, clothing workers, cigar makers, shoe, iron 
and steel, potters, and flint glass workers, either prefer piece rates or at 
least accept them willingly. Other unions, of course, vigorously oppose 
any form of incentive pay. The problem of how workers should be paid 
is as old as work itself, and early malpractices by unscrupulous manage¬ 
ment in the application of incentive systems did much to foster labor's 
early opposition to any incentive pay plan. Recently, however, with im¬ 
provements and refinements in systems of work measurement, improved 
personnel policies and relations, worker education, and more enlightened 
management practices, unions are not voicing the opposition to incentive 
systems that they once did. Along this line, Philip Murray said that where 
morale was high and a good understanding existed between management 
and the union members, that almost any wage system could be made to 
work. 16 

According to a summary 17 of sixty-four national unions made by Pro¬ 
fessor Clifford M. Baumback only three of these national organizations 
actually rejected wage incentives. The others indicated a willingness to 
accept incentive systems under one or more of the following conditions: 
(1) that the union participate with management in rate setting, (2) that 
procedures be established for grievance negotiations for certain irregulari¬ 
ties, and (3) that certain protective clauses be included in the labor agree¬ 
ment. 

Thus, from a national standpoint, unions appear to be willing to ac¬ 
cept wage incentive plans if they have a hand in their administration and 
if they can effect certain control measures. 

Organized labor on the local level, however, appears to be almost as 
much divided as they ever were in their feeling about incentive pay. In 
general, each local union’s philosophy and feeling toward incentive sys¬ 
tems appear to have developed in light of its past contacts with incentive 
pay plans and management's installation and maintenance practices. For 
any system of incentive pay to work, a great deal of understanding and 
confidence between labor and management must exist. 

lfl Morris L- Cooke and Philip Murray. Organized Labor and Production (New 
York: Harper & Row. Publishers. 1940). p. 112. 

17 Clifford M. Baumback. "Labor Union Altitudes and Policies Relating to Produc¬ 
tion Standards and Wage Incentives Based on Time Studies" (unpublished Ph.D. dis¬ 
sertation, State University of Iowa. Iowa City. 1953), pp. 201-5. 
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• tlv authoritative statement can be made about trade union posi- 
No SlF1C mine incentive pay systems. In fact, there are almost as many 
dons con ^ n( j positions about incentive plans as there are unions. It does 
attitudes an however, that organized labor is not as caustic and 

appear vc, V cd to incentive systems of wage payment as once it was. 
openly Unionized workers are moderately satisfied with wage incentive 
Million 5 ^ have become attached to them as traditional for their 

P* anS ’ • is This acceptance of incentive plans has probably resulted 
occupation^ ^ mQre f avora ble experiences with wage incentive systems, 
from o 5 conditions both unions and workers have overcome much 
dwfreMly opposition and fear. 


MANAGEMENT'S 

RESPONSIBILITIES 


M nagement's final selection of a wage payment plan should hinge on 
* f aclors as labor’s attitude toward the plan, characteristics of the 
^dustry, adaptability of the work to incentive pay, and previous history 
"f wage payment plans—to name a few. Taking these into account, man- 
° ment must exercise real care to insure the installation of a plan that is 
acceptable to management and labor, as well as a plan that is both eco- 

nomical and workable. . 

Incentive plans are not, as some people seem to think, substitutes for 
ood management and supervision. To the contrary, more supervision 
and better management are required under incentive, wage plans. An in¬ 
centive system should not be installed without top management s approval 
and active support. A noncommittal or doubtful attitude by management 
is bound to be sensed by employees, and this attitude will affect labor's 
acceptance of and faith in the incentive plan. Management should also 
face up to the fact that an incentive plan will demand more in the way of 
good organization structure, more careful planning and control of produc¬ 
tion, better and closer employee supervision, and more attention to the 
details of working conditions surrounding the jobs. Essentially, these facts 
boil down to effective planning, control, and standardization. Not only 
should management acknowledge and accept these responsibilities ini¬ 
tially, but it should also recognize the added responsibility for continu¬ 
ance and maintenance of the plan. Methods, technology, and people 
change. Each of these is a vital part of incentives and an effective incen¬ 
tive installation requires that management be alert to such changes and 
make modifications when needed. 

Management also has the responsibility to develop and warrant em¬ 
ployee cooperation and confidence. Ultimately, the worker has the power 


18 Solomon Barkin, "The Trade Union Approach to Wage Incentive Plans.’ 
and Motion Study (June 1953), p. 24. 


Time 
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to make a plan succeed. With labor-management cooperation and trust 
even a poor incentive plan can be made to work; but without such mutual 
trust and confidence, even the best designed plan is ineffective. Winnin 
and meriting this trust will come from both the attitudes and actions of 
management in the everyday administration of the plan. Incentive plans 
require much more of management than other systems of wage payment 
and recognizing and accepting these responsibilities is the core of any 
successful wage incentive installation. 


STUDY QUESTIONS 


1 . 


5. 

6 . 


What benefits should accrue from a well-conceived and administered waee 
incentive plan? ® 

Why is productivity desirable as a basis for pay? When is time more appro¬ 
priate as a basis for wages? 

Before an incentive system is installed, what prerequisites should be met? 
Explain how the straight piece work with the guaranteed base differs from 
the 100 percent bonus plan. 

Distinguish between the Halsey 50-50 plan and the Rowan Plan. 

What does measured day work attempt to do? What causes it to lose some of 
its effectiveness? 


7. Explain why each of the fifteen requirements for an incentive installation are 
important for a sound incentive plan. 

8. What has traditionally been organized labor’s attitude toward incentive pay? 
What is labor’s attitude today? 

9. What are management’s obligations in an incentive installation? 

10. In your opinion, which system of wage payment offers the most advantages 
to both labor and management? Why? 
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of each sales dollar re¬ 
ceived by a firm to be spent for raw materials and supplies. 
The expenditure of such large sums of money presents man¬ 
agement with a real challenge to reduce operating costs and 
increase profits. This challenge is even more apparent when 
we consider that a small, say, 2 percent reduction in the cost 
of purchased materials would boost before-tax profits by 10 
percent in a typical firm earning 9 percent on sales. In other 
words, every dollar saved by wise purchasing is the equiva¬ 
lent of $11 or $12 of extra sales in such a firm. As a result 
of this potential, the proc urement function has taken on a 
dynamic and key role m managing a modem and growing 
enterprise. It is, in fact, the key profit center in many enter- 
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prises. Toda y’s purchasing agent is nojonger the order placer. of..y ttler . 
year. H^'T^lmtea d. a searcher—one loo kin g for the best valu e the market 
Kar~to~off er to meethis compands needs. Thus purchasing, as a funda- 
mental tunction in an operating firm, is charged with the responsibility” 

\ of having the correct quantity and quality of material on hand when it i s 
■ needed at a price that is consistent with the existing economic conditions. 

^ Although purchasing is normally not thought of as a control function, 
it does, nevertheless, present management with an opportunity to exert 
real control over the expenditure of funds, investment in inventory, and 
flow of materials into the plant. This is true because the purchasing de¬ 
partment in the average industrial firm spends well over half of every 
dollar spent in manufacturing. In fact, in some plants this dollar outlay 
by purchasing is as high as 85 or 90 percent of the manufacturing dollar. 
Thus, in many plants purchasing expenditures annually represent sums 
in excess of a billion dollars. Whenever this much money is spent by 
one department, this department’s function should be thoroughly under¬ 
stood by management and its operation should be made as effective as 
possible. 

Many people think that effective purchasing consists of buying ma¬ 
ter i^ranJlITppIIerariliriow^ is not true. In fact, 

the~gyarr opposi te m a y ttelTSe the case, because factors other than price 
enter into a purchasing agreement. For example, when a buyer attempts 
to purchase a product needed by his company, he is examining not only 
the price of the product but also its quality , the re putation of the sup¬ 
plier, and the promised delivery date. The buyer must consider all these 
aspects because when aTrm needs a particular item^the highest bidder 
may actually be the cheapest when the buyer considers quality and deliv¬ 
ery schedule.^ purchasin g age nt is buy i ng delivery as well as p roduct. 
Thus, most managements recognize that it is foolish to save purchasing 
pennies by .placing an order with the lowest bidder, only to throw away 
lost-time dollars because of poor material, insufficient material, or even 
lack of material. Idle machinery, inactive employees, and half-assembled 
products are costly. ^7. 


PURCHASING 

RESPOySmiBT 


K 


When we consider that materials must be purchased before products can 
be fabricated, the need for purchasing is obvious. In fact, without the 
primary purchasing operation, sales could not be made. Sales may be lost 
because the purchasing organization does a poor job of buying materials 
at the lowest overall cost, and the price of the product, therefore, is not 
competitive. In this respect alone, therefore, purchasing can play a vital 
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addition, the purchasing department through its contacts with 
n . ^ as t he added responsibility of keeping various departments 
th e *5®^ ^ new materials or products which can be used to advantage 
a PP n . manU facturing procedures. Through its marketing contacts, the 
* n ^h'sine department also is aware of trends in design, price, and sim- 
P urc f ac, 0 rs which could have a decided effect on a company’s product, 

•rtorice, and its design. 

purchasing department, in addition, has the responsibility for 
. • investment, or as the merchant would say, increasing turn- 
1,111,1 ^j s j s accomplished by scheduling the flow of materials into the 
°' rC ^'t j n quantities which will be sufficient to meet production needs, but 
Pq jj e excessive beyond a normal safety factor. The purchasing de- 
tment's fourth responsibility is that of research. In this role the de¬ 
triment examines market data and trends, investigates different sources 
P-ly. and inspects suppliers’ plants to be sure that they have the 
city ant i know-how to meet the company's requirements. In some 
tents the purchasing department's responsibilities include not only buy- 
P , hc materials, but also maintaining them after they are received, that 
• operating the storeroom in the plant and being responsible for inven¬ 
tory control. Other companies include under purchasing duties the traffic 
function—the routing and control of all incoming shipments. Thus, we 
can see that the purchasing department’s responsibilities encompass more 
than simply the buying of products. Instead, these responsibilities are 
varied, covering a wide range of activities and exerting a significant in¬ 
fluence on the economical operation_of the firm. | 


ORGANIZATION 

From an organizational standpoint, purchasing is a staff function which 
is located on the same level as the comptroller and sales manager. The 
department itself is headed by an individual variously known as a pur¬ 
chasing agent, purchasing manager, or director of purchases. He is charged 
with the overall operation of the department and is frequently assisted 
in the buying function by assistants known as buyers, assistant purchasing 
agents, or assistant buyers. 

The organization of the purchasing department varies with firms, but it 
frequently consists of three major sections: buying, purchase service, and 
records. Buying, of course, is concerned with the actual purchase of ma¬ 
terial—the placement of a purchase order with a vendor. After an order 
is placed, the purchase service group is then responsible for it and acts 
as a liaison between the company and the vendor. Thus, through its 
communications with the vendor, purchase service follows the manufac¬ 
turing progress of an order in the vendor's plant, its shipment by the 
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vendor, and its final receipt in the company’s plant. The records section 
of course, maintains records of purchases, costs, quotations, and the like 
Here we see, as we have elsewhere, the use of the principle of special! 
ization—buying specialists, service specialists, and records specialists. Fig. 
ure 24.1 illustrates a typical purchasing department in a medium sized 
plant. 



Figure 24.1. Organiration chart of a purchasing department in a medium-died firm. 


In multiplant concerns, the question often arises as to whether pur¬ 
chasing should be centralized, say, at the home office, or should be de¬ 
centralized with each plant engaging in its own purchasing activities. 
Centralized purchasing is often desirable for firms using one or a few 
materials whose availability and quality are vital to the success of the 
firm. Drug firms using menthol as a critical ingredient, for example, prac¬ 
tice centralized purchasing. Several other factors, however, enter into the 
final decision. 

When centralized purchasing can be performed without loss of effi¬ 
ciency, then it is desirable and should be used because of the economies 
it makes possible. For example, orders from various plants can be consoli¬ 
dated and advantage taken of quantity discounts. The advantages of 
specialization also apply here because buyers can become specialists at 
buying specific materials. Through centralized purchasing, the raw ma¬ 
terials used by the plants are sure to be uniform and the inventory control 
policies for these plants can be correlated more effectively. Centralized 
purchasing, however, may be somewhat slower and more cumbersome 
than decentralized purchasing. 

Completely decentralized purchasing is at the other end of the gamut 
With this type, each plant has its own purchasing agent who buys inde¬ 
pendently of other plants and other purchasing agents. Decentralized 
purchasing is most frequently found where the different plants require 
quite different types of materials, thus making the advantages of central¬ 
ized purchasing somewhat moot. 

Perhaps a more common type of organization for multiplant concerns 
is a system of coordinated local purchasing. Using this system, local pur¬ 
chasing agents are given considerable latitude and independence in their 
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but are controlled by a centralized purchasing office through func- 
actions, anc j standardized systems of records, accounting, and pur- 

tiona aU rocedurcs . Thus, by using this type of organization the speed 
cbasl “* ibility of decentralization are realized in addition to the feature 
aIld *tralue d control. Some companies employing this type of organiza- 
° f CCn t dollar limits on purchases that can be made by plant purchasing 
d° n others specify that certain types of materials and plant equipment 
*Tnbe purchased only by the home office. 


INTERRELATIONSHIP OF 
PURCHASING AND OTHER 
ACTIVITIES 


much as the purchasing department is the source for all materials 
^supplies used by a plant, its operation touches and affects each depart- 
3 ent In particular, however, the purchasing department is most closely 
Associated with enginering, stores, and production control. 

First of all, let us consider its relationship with en gineeri ng. When 
roducts are designed or customer orders are adapted by an engineer, he 
Specifies the use of certain materials. An engineer may, for example, 
Specify the use of a particular electric switch—one which is made by only 
one supplier. This places the buyer at the mercy of the one supplier 
with respect to price and delivery. The purchasing agent, therefore, often 
works with the engineer in developing specifications that will allow the 
use of products other than one special product. In this instance, for ex¬ 
ample, a common toggle switch might be specified in place of the special 
switch. The same thing occurs when an engineer specifies a special type 
ofmaterial, say, a special thickness of steel. Here, again, the purchasing 


agent works with the engineer to determine whether or not a standard 
thickness of steel would function equally well. Thus, by cooperating with 
the engineer in these ways, the purchasing agent often materially reduces 
and controls the manufactured cost of the product thereby placing a firm 
in a better competitive position. Preproduction purchase analysis is the 
name given to this type of relationship where purchasing works closely 
with engineering and product designers to help reduce the cost of a part 
while it is still in the formative design state and before it is produced. 

The purchasing department is also closely associated with the inventory 
control function . When a part that is stocked needs to be "replenished, 
a purchase requisition is forwarded to the purchasing agent by the stores 
record clerk. This requisition serves as the authority for the purchasing 
agent to buy the material specified. When the material is received, of 
course, stores is responsible for its proper storage and disbursement. The 
purchasing department and stores, however, must work very closely in 
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maintaining a minimum investment consistent with the company's 
quirements. The purchasing agent, for example, through his contact 
with the market is aware of pending price changes, design changes pos- 
sible shortages, pending strikes, and the like, and calls these to the atte 
tion of stores so that appropriate action can be taken to increase or 
decrease the quantity purchased. By thus working with the stores super 
visor, the purchasing agent can help keep inventory investment at a mini* 
mum consistent with the existing economic conditions. Purchasing ma 
also help stores procure materials at lower prices. For example, if the 
stores clerk requisitions a certain quantity of material, the purchasing 
agent may find that by slightly increasing the quantity a substantial reduc 
tion in unit price is available. This type of information, of course, is 
relayed to stores and an economical quantity is decided upon. In these 
and similar ways the purchasing department and stores work as a team 
to maintain an adequate inventory at minimum cost. 


In many companies purchasing is not only closely associated with 
stores control, it is in fact responsible for the effective operation of the 
storerooms. Thus, control is exerted in this important industrial area- 
control over investment, turnover, and inventory policy. 

Production control is responsible for scheduling and issuing directives 
for the procurement of materials required to fabricate an order. Before 
any scheduling can take place, however, production control must know 
how long it will take to procure the material. This is determined by close 
cooperation with purchasing. In some plants, the production control 
department also has charge of stores. When this is the case, the relation¬ 
ships between stores and purchasing just discussed would also apply to 
production control and purchasing. Purchasing, of course, often works 
closely with production control in pricing, scheduling, or buying the 
materials specified on a bill of materials made out by the production 
control department, thus again exerting influence and control. 


In addition to these three points of major contact, purchasing also has 
frequent contact with accounting, traffic, and receiving. The relationship 
with accounting, obviously, is over prices, payments, discounts, and the 
like. With traffic, the contact is concerned with the tracing and smooth 
flow of material from the vendor to the company's plant, and with re¬ 
ceiving, it is concerned with the orderly and smooth processing of the 
material through inspection. 


-VALU E AHAUfil S 

Value analysis, sometimes called value engineering, is one of the most 
widely used cost reduction techniques in the purchasing area. It is con¬ 
cerned with studying the interrelationship of design, function and cost of a 
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art with the end objective being to reduce the part's cost through design 
change, modification of material specifications, change in the source of 
supply* and so on. Its aim is to find new ways of getting equal or superior 
performance from a product at a lower cost, while still retaining its qual¬ 
ity, function, and reliability. Some people say it is simply organized crea¬ 
tivity. In large companies the value analysis function may be assigned 
to a full-time individual known as a value analyst who may or may not 
be a member of the purchasing departmenL 

Many techniques are used by value analysts, but one of the best known 
was developed by General Electric and consists of asking the following 
questions about each part under consideration. 1 

L Docs the part contribute value to the finished product? 

2. Is its cost proportionate to its ultimate usefulness? 

3. Can any of its features be eliminated? 

1 4. Would another product be better? 

' 5. Can a usable part be made by another cheaper process? 


6. Is there a standard product on the market which could be used? 

7. Is it being manufactured on the proper tools considering the quantity 
needed? 

8. Is its cost reasonable considering the material used, labor involved, 
overhead, and normal profit? 

9. Can we get it cheaper elsewhere? 

10. Is anyone else buying it cheaper? 


If the product fails to pass any one of the above ten tests, then a de¬ 
tailed study is made to see what can be changed. This detailed study may 
involve brainstorming, engineering analysis, and so on. 

The application of value analysis can result in substantial savings in 
production costs as well as increase the marketability of a product. A filter 
manufacturer, for example, saved $150,000 by changing the design of its 
filter stiffener from a two-part metal one to a one-piece injection-molded 
plastic one. Another company discovered it could buy a small bracket for 
$3.00 per thousand rather than make it at a cost of $13.00 per thousand. 2 
Sperry Gyroscope found that a standard cargo net enabled them to cut 
handling costs by 65 percent and save $35,000 through the application of 
value analysis. 3 And General Electric changed the handle of one of its 
fans from a casting to a formed and spot-welded part, and thereby saved 
thousands of dollars. These are typical instances of how the purchasing 
department working with other areas can effect substantial savings and 
thus increase profits. 


1 Dean S. Araraer, Materials Management (Homewood. III.: Richard D. Irwin, Inc., 
1962), p. 341. 

2 Daniel D. Roman, "Value Analysis for Small Business" (Washington. D. C.: Small 
Business Administration, 1964), p. 2. 

3 Joseph L. Mazel, "Value Analysis." Factory (April 1964), p. 76. 
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PURCHASING PROCEDURE 

Once the material needed for manufacture has been determined, the 
procurement system in a firm starts to function. Although the specific 
purchasing process varies with different companies, most firms follow a 
routine similar to the following. 

First, departments requiring materials initiate purchase requisitions 
similar to the one illustrated in Figure 24.2. Contrary to what many peo- 
pie seem to believe, a purchasing agent does not have the authority t 0 
buy whatever he thinks appropriate. Instead, he is authorized to buy only 
what someone else has specified on a purchase requisition. The purchase 
requisition, therefore, is the purchasing agent's authority to act. With 
this authorization, he can purchase material—but only that material 
which meets the specifications set forth on the purchase requisition and 
only in the quantity specified. Although purchase requisition forms vary, 
they most frequently show the material required, specifications, amount 
needed, date wanted, where the material should be delivered, price, ac¬ 
count to which the order should be charged, and an appropriate signature 
authorizing the purchase. Whatever form the purchase requisition takes, 
one copy is often forwarded to purchase service to inform them that an 
order is forthcoming for this material. A copy, of course, goes to the pur¬ 
chasing agent, and one copy is retained by the originating department. 

After this authorization to purchase is received, the purchasing agent or 
one of his assistants must decide from whom they will buy the material 
If it is a common item on which standard prices are available from cata¬ 
logues or from previous purchase orders, the buyer may place the order 
with a firm whose price is competitive and whose service is good. If the 
buyer is not sure of the item, he may issue a request for quotation to 
several vendors. This request, as its name implies, is not a purchase order, 
but merely an inquiry as to whether or not the vendor can supply the com¬ 
pany with the required material on the date specified, and if so, at what 
price. Some companies even print the conditions and terms of the pur¬ 
chase on the request for quotation so that the vendor will be aware of 
their purchase contract. A few industrial firms, as well as governmental 
agencies, require quotations from three vendors for every item purchased, 
excluding petty cash purchases. In most instances, these requests are 
sent to the vendor in duplicate so that he can fill in one copy indicating 
his price and delivery promise and return it to the buyer. Many com¬ 
panies maintain quotation cards by products on which all such quoted 
price* are recorded for later use. By thus accumulating these data, subse¬ 
quent requests for quotations may be obviated. An additional advantage 
of these cards is that prices can be compared and trends can be discerned. 




Figure 24.2. Purchase requisition. (Courtesy The Standard Register Co.) 
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On the basis of the price and delivery quotations he receives and his 
general knowledge of the vendors, the purchasing agent selects a firm from 
whom to buy the material. He then executes a purchase order which 
serves as the vendor's authority to ship the material and bill the company. 
The purchase order is the company's commitment with the vendor to pur¬ 
chase the material at a specified price. These purchase orders are num¬ 
bered for easy identification and show substantially the same information 
as the purchase requisition. In addition, they may specify the mode of 
shipment and inspection procedure to be used. The purchase order is 
executed in six copies. Two copies are sent to the vendor, one for him 
to keep and one for him to sign and return indicating receipt of the order. 
One copy goes to accounting to make proper charges and serve as their 
authority to pay for the material. Purchase service, of course, gets one 
copy in order to service the order and make sure that it is received in 
the plant on time. A blind copy of the purchase order (one on which 
the price and quantity have been obliterated) is sent to the receiving de¬ 
partment so that receiving will know when the material is received that 
its shipment was authorized. Finally, one copy may be retained in the pur¬ 
chasing department’s files. 





675 # purc 


JUl 


» *11- wn » iwt juitrn 



Figure 24.5. Combination receiving and inspection report. (Courtesy The Standard 
Register Co.) 


Once the order is placed, of course, the purchase service group main¬ 
tains contact with the vendor to be sure that the material is shipped as 
specified. If the vendor has trouble in fabricating a part or locating some 
particular raw material, the purchase service group often helps him out 
of his difficulty, thereby insuring that the company will receive the order 
in time to meet the production schedule. 


After the material is received.in the plant a receiving report is issued 
by the receiving clerk. This report is the company's statement of what 
has been received from a supplier. Among other things, the receiving 
report may show the purchase order number, description of material re¬ 
ceived, the supplier, date received, amount received, destination in the 
plant, and possibly the charge account and name of the carrier. The re¬ 
ceiving report may be a simple form originated by the receiving clerk. 
Some companies, however, furnish the receiving clerk with a reproducible 
master copy of the purchase order to use as a receiving report. In these 
cases the quantity purchased and the price are omitted; but all other 
information is shown. When these reproducible masters are used as receiv¬ 
ing reports, the receiving clerk upon receipt of the goods simply counts 
the items and writes the quantity and date received on the master copy. 
Duplicates of the master are then issued as receiving reports for all inter¬ 
ested departments. This method saves a great deal of time in the prepara- 
























SECURING APPROPRIATE MATERIALS 


505 


iving reports and yet retains the control and check feature of 
tion of rec ^ rece iving clerk physically to count all receivals. In addition, 


req 

this 


quiring ^ has the ac jded advantage of allowing the clerk to plan his 
uiis practic master copy shows the required date for the material, 

work becaU k Se loads C an be estimated and if additional help will be re- 
Th us ' rec eiving clerk or his supervisor can make plans accordingly. 
qU *Wh lever form is used, copies of the receiving report are furnished to 
W 3 unting department, purchase service, and the originating depart- 
the acco ^ & (hem of the reC eipt of the goods in the plant. One copy, 

mCnt l °se remains with the receiving clerk, and copies may also accom- 
0 f coU ” e ' roa terial to serve as a means of identification. The material 
P any from receiving through incoming inspection, and thence to its 

destination in the plant. 

E ther the original purchase requisition or a copy of the purchase order 
be forwarded to the accounting department by the purchasing agent 
n J ay he places the order. This purchase requisition (or order) and a copy 
V^he receiving report serve as the accounting department’s authority 
° io issue a voucher, thus allowing for the payment of goods within dis¬ 
count periods. 


TYPES OF PURCHASING 

The purchasing procedures we have just discussed generally apply to 
those instances where material is purchased to satisfy a definite require¬ 
ment. Some companies, however, do not follow this strict procedure, 
but instead buy materials even when they have no current need for them, 
that is, they purchase materials in advance. We call this forward buying. 
Tobacco companies, for example, engage in forward buying because leaf 
tobacco is marketed only during a particular season. Other companies 
engage in forward buying because the general quality of the product (such 
as leather) may be better during some months than during others. Also, 
many companies, of course, buy for the future when they anticipate price 
increases. 

Several procedures may be used in forward buying. Some firms, for 
example, engage in speculative purchasing. Speculative purchasing has 
two aspects. One consists of buying in excess of needs when the market 
is low with the idea in mind of selling the surplus when the market price 
rises. By thus speculating on the raw materials, some firms make a profit 
on both their raw materials and their fabricated items. A second aspect 
of speculative purchasing is buying in excess of current needs when the 
price is low, with the expectation that prices will rise, thereby saving 
the company considerable money. The object is not to sell the material 
but to use it at a later date. Some textile firms claim that by thus specu- 



506 


THE CONTROL SYSTEM 


lating in cotton they are able to make a profit that would otherwise K 
impossible because of the low profit margins in textiles. Thus SD ^ 
lative purchasing attempts to take advantage of low market prices. W 
should recognize, however, that with speculative purchasing there -,l 
looms the possibility of tying up as well as losing large sums of mo ne° 
Also, the large inventories resulting from speculative purchasing m \ 
possible a greater danger of loss through obsolescence and deterioration 
Many large companies engage in contract purchasing, a techninue , 
sunng the vendor by contract of the sale of a certain amount of materi,i 
with delivery deferred over a period of time. Price may or may not he 
fixed, or it may be subject to negotiation periodically. By thus contractino 
to purchase a large quantity, price concessions are often available without 
the need for high inventories and investment. Low inventories and in 
vestment result because payment to the vendor is made only when ma ’ 
tenal is received from him. Contract purchasing is frequently used hv 
large companies such as the automotive concerns where the overall nnl 
duction program is known but the specific timing of output is not certain 

Hedgtng is another type of purchasing used by some concerns to assure 
a profit in their manufacturing activities. To engage in hedging, however 
a firm must first of all deal in a product whose selling price fluctuates 
directly with the price of the raw material used in the product. Secondly 
the firm must be able to enter into futures contracts through some orea 
nized market, such as a grain exchange. 6 

A typical example of hedging is found in the milling industry To illus 
trate its operation, assume that on April 1 a flour miller buys wheat at 
$2.50 per bushel and plans to convert it into flour to sell on or about 
June 15 for $3.00 per bushel. This $3.00 selling price consists of $ 10 
profit; $.40 processing cost, and $2.50 for the raw material. Inasmuch as 
several weeks will elapse between the time the wheat is purchased and 
the flour is sold, the miller may lose money if the price of wheat decreases. 
For example, if in mid-June the price of wheat drops to $1,90 this will 
depress the price of flour to $2.40 per bushel. The miller, therefore, when 
he places his flour on the market will receive only $2.40 per bushel, thus 
taking a loss of $.50 on processing costs and raw material, plus the loss 
of his $.10 profit. 

However, if on April 1 he had entered into a futures contract to deliver 
on June 15 the same quantity of wheat as that bought and at the same 
price ($2.50 per bushel), then he would not have lost money because he 
would have "hedged” his position. Thus, on June 15 when the miller 
had to deliver the wheat he had sold in the futures market on April 1 
for $2.50 a bushel, he could buy the wheat in the open market for $1.90 
per bushel, thus making $.60 per bushel from the transaction. This profit, 
of course, would offset his $.60 loss on the flour he sold, thereby enabling 
him to make his $.10 per bushel profit. In effect, the miller would be insiir- 
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in* himself against losses due to price decreases. But by the same token, 
he would also be assuring himself that he would not stand to profit by 
price increases. Obviously, the decision to hedge must be made at the 
time that raw material is bought and not later, because once the price 
of the material has shifted, it is too late to hedge. Futures markets for 
butter, eggs, cotton, wool, silk, coffee, some grains, and some metals enable 
those manufacturers utilizing these products to hedge to a degree. 


PURCHASING POLICY 

Most purchasing departments need to formulate some overall policy ap¬ 
plying to their procurement function. Should the company, for example, 
engage in reciprocal purchasing? This is the “you scratch my back and 
1*11 scratch yours" type of relationship where a manufacturer of, say, 
typewriters agrees to purchase all its steel from a firm if that firm, in 
turn, agrees to purchase all its typewriters from them. This practice, how¬ 
ever, is highly objectionable to most purchasing agents because it obligates 
them to buy from a particular source thereby eliminating the possibility 
of competitive bidding by other firms. Along this same line, the question 
often arises as to whether a purchasing department should be required to 
submit all orders for bids, or whether it should have the authority to 
negotiate a contract with only one supplier without giving other suppliers 
a chance to bid on the order. The practice, of course, varies with the 
company. However, in some companies where buying is a routine job, 
company policy frequently demands that orders can be placed only after 
three competitive bids have been received on them. On the other hand, 
where the purchasing function is well organized and staffed by competent 
purchasing agents, it is not uncommon for the purchasing agent to be 
given his choice as to how he will handle the placement of an order. 

Another question of policy that frequently arises is whether or not pur¬ 
chasing agents and their assistants should be allowed to accept gifts from 
vendors. Most companies agree that items of low value, such as cigarette 
lighters or desk sets, are acceptable gifts, but that items with more than a 
nominal market value should not be accepted. 

Some companies have a policy of never buying all their materials from 
one supplier—not putting all their eggs in one basket. This policy helps 
assure an even flow of material in case of transportation difficulty strikes 
etc. 

Other policy problems such as extending courtesy to salesmen taking 
discounts, and purchasing in advance of known requirements must also be 
determined Although we have mentioned only a few policy problems 
they do indicate the types of problems that management must solve in 
effecuvely staffing and operating a purchasing department. 
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MEASURING PURCHASING 

efficiency 


As we indicated at the beginning of this chapter, the purchasing orga¬ 
nization is an integral part of the top management team. Its actions touch 
each part of an enterprise, and singlehandedly, it spends more money 
than any other department in the average firm. In view of this, its effi¬ 
ciency is of prime concern to management. 

Appraising the efficiency of purchasing, however, is an elusive problem. 
Its actions, like those of a legal department, are important but difficult to 
evaluate. We can say, of course, that without good purchasing our profits 
would be lower. How much lower? What is good purchasing? What did 
the purchasing department do that enabled the company to avoid a loss? 
Or make a profit? Or retain its place in the market? We would have equal 
difficulty, of course, answering the same questions about the legal depart¬ 
ment of the company, personnel counselors, advertising, and the like. 

Despite this difficulty, however, management is interested in somehow 
appraising the efficiency of the procurement function. One approach used 
by some firms is a nonquantitative one of evaluating the operation of the 
department on the basis of top executives' opinions. This would involve 
an evaluation of the department's overall action, including its top per¬ 
sonnel, its organization structure, its policies, and its operating effective¬ 
ness. 

The purchasing function can also be appraised from a quantitative 
standpoint. But here we must use care because quantitative reports can 
be very misleading. For example, some purchasing departments issue re* 
ports showing departmental operating costs expressed as a percent of 
total purchasing expenditures. Others allocate departmental expenses over 
the number of purchase orders issued and thus express costs as a certain 
amount per order. These are weak measures of efficiency, however, be¬ 
cause they fluctuate with shifts in prices and quantity purchased. De¬ 
partmental expense budgets also serve to measure the efficiency of the 
purchasing department, though they can be misleading. For example, a 
department may exceed its expense budget, yet in doing so may more than 
save the excess through reduced material costs. 

Another report that is frequently used shows the dollars that the pur¬ 
chasing department saved the company during a given period of time, 
through wise purchasing activities. This report is often developed by 
computing the average market price of the major items purchased dur- 
ing, say, one year, and then comparing that with the price the company 
actually paid for these same items during the identical period. Good 
purchasing activities, in this instance, would show that average market 
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rices were above the prices the company paid for the products. This 
pF ort may be set forth in tabular or accounting form, or it may be pre¬ 
sented by means of charts and graphs. 

Some purchasing departments issue reports showing savings that ac¬ 
crued because of their work with engineering in drawing up materials 
specifications for standardized products. In a similar manner, other reports 
show savings brought about by recommending the substitution of less 
costly items for those specified by the engineer. 

One report that indicates a degTee of efficiency is the materials receipt 
report showing the orders on which materials were not received on sched¬ 
ule. Late receivals may well delay manufacturing and have a decided 
effect on future sales. This report, therefore, is significant in many firms. 

By analyzing such quantitative reports and evaluating the overall 
purchasing operations, management can arrive at some gauge of pro¬ 
curement’s effectiveness. Although such an appraisal is difficult, it does 
establish some measure of efficiency and, in addition, helps management 
become aware of the part that purchasing plays in contributing to the 
overall efficiency of the firm. 


STUDY QUESTIONS 

1. Define the purchasing function. What is its objective? 

2. Illustrate the organizational setup of a typical purchasing department. 

3. Define centralized purchasing; decentralized purchasing; coordinated local 
purchasing. 

4. "The function of purchasing is to buy more than price." Comment. 

5. Explain how purchasing activities relate to other major plant functions. 

6. Of what use are the following in the purchasing procedure: Purchase requisi¬ 
tion? Request for quotation? Purchase order? Receiving report? 

7. What are the advantages and dangers of speculative purchasing? 

8. What is hedging? How is it employed? Illustrate your answer with an ex¬ 
ample. 

9. What are some of the typical problems involved in procurement that must 
be resolved by company policy? 

10. What is value analysis? Can it be used by a small concern? How? 
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CONTROLLING 

QUALITY 

THROUGH 

INSPECTION 



A "quality product” is not necessarily a good product. In 
fact, all products have quality, though the level of quality 
may be very low in some products and very high in others. 
To many people, quality is synonymous with price. This is 
not always true. Many times an expensive product is low in 
quality. However, a high quality product is often expen¬ 
sive because more time and effort are required to manu¬ 
facture such a product with its closer tolerances and fewer 
defects. 

To a certain extent the product quality level may be 
thought of as indicative of the characteristics of a firm. For 
example, some companies in the electronics field are thought 
of as being “first class” companies, producing only "high 
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quality” products, whereas other similar firms are thought of as being 
“mediocre firms,” producing “mediocre” products that appeal to the mass 
market. 

In designing and producing an item for sale several factors determine 
its ultimate quality level. From a theoretical, engineering, and design 
point of view, it is often desirable for the product to have a very high 
quality level.' The sales organization may well agrfe with high quality but 
often desires a lower selling price than the high quality will allow. To this 
quandary we must also add the practical aspect of designing a product 
whose quality level is not beyond the economic capabilities of the manu¬ 
facturing equipment. Thus, these three factors, (1) theoretical perfec¬ 
tion, (2) low selling price, and (3) manufacturing practicalities, play an 
important part in determining the ultimate quality level of a product. 
Obviously a compromise is often necessary, and the conflict is usually 
resolved by representatives of the sales organization and the manufactur¬ 
ing organization meeting with the product design engineers. Among them, 
they decide on the final general standards and quality level that should 
be maintained in the manufacture of the product. These general stan¬ 
dards are then translated into specific manufacturing standards by the 
engineering organization. 

It is important for a company to determine the quality level for its 
products because this quality level may well determine the company’s 
market, its customers, the advertising media it should use, how the prod¬ 
uct should be distributed, and which manufacturing procedures it should 
employ. Although determination of the specific product standards is usu¬ 
ally an engineering function, determining the overall quality level for a 
company's product is a function of top management. One management 
may decide, for example, that their company’s product will be of the 
highest quality attainable under their conditions of modern mass pro¬ 
duction, whereas the management of another company may decide that 
their product will be of a low quality so that it can compete successfully 
on a price basis. However, regardless of where the general quality level 
of a company is pegged, the inspection organization s duty is to see that 
the products consistently meet the prescribed quality level. 


INSPECTING MATERIALS 

After materials have been purchased and received by a firm, they should 
be inspected before they are either stored or used. Inspection at this point 
is necessary for two important reasons: to reduce manufacturing costs and 
to influence customer purchases by maintaining a consistent level of 
quality. By inspecting materials before they are used, management keeps 
a better control of its product quality as well as its cost. Any control that 
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assure a uniform quality product is to be desired because today's 
k e !P S jner expects uniformity in products, and his faith in both the prod- 
CUSt and the producer may well be destroyed by a fluctuating quality. The 
•^oortance, for example, of maintaining the desired quality level in the 
^nufacture of chemicals, medicine, and food products is easily under¬ 
wood Though perhaps not as critical, consistency in the quality level of 
clothing, machinery, housing, and the like is also important (o the cus¬ 
tomer. ... , , 

In a manufacturing process, good inspection procedures reduce waste 

and help lower manufacturing costs resulting from the rejection and 
rework of defective parts. In fact, the prime objectives of a well-defined 
and smoothly operating inspection system are to maintain quality and to 
reduce costs by preventing errors in manufacture rather than simply de¬ 
tecting errors in manufacture. These two control aspects of inspection— 
maintaining a quality product, and reducing manufacturing costs—are 
achieved mainly through (1) carefully inspecting all incoming or pur¬ 
chased materials, (2) maintaining a close watch through approved inspec¬ 
tion procedures over the manufacturing process, and (3) inspecting and 
testing the final product. In each of these procedures the inspection de¬ 
partment attempts to detect defective work, determine its cause, and take 
the steps necessary to prevent the defect from recurring. The stringency 
with which various inspection controls are applied in each of these three 
procedures is determined by the establishment of a general quality level. 
To help achieve this quality level, specific units of measure called specifi¬ 
cations and standards are developed by the engineering organization to 
state explicitly what characteristics and qualities the material or product 
should possess. 


SPECIFICATIONS AND 

, STANDARDS 

A specification defines precisely which characteristics the product should 
possess. Specifications can be used by the manufacturer to indicate what 
he wants, or they can be used by the consumer to tell what he will buy. 
In most companies the final responsibility for determining the exact speci¬ 
fications for incoming materials, product manufacture, and final testing 
rests with the product design and testing groups in the engineering orga¬ 
nization. Specifications may be written and thus describe verbally the 
characteristics of the product; they may be pictorial in nature and consist 
of blueprints and drawings; or they may refer to physical samples of color, 
finish, texture, and the like. In each of these instances the specifications 
carefully describe the product through words, pictures, physical samples, 
or some combination of the three. 
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In any specification, tolerances or limits of variation must be set 
because it is impossible to manufacture a number of products that ^ 
identical. They may be similar and for all practical purposes they ^ 
be the same, but they are not identical. Minor variations exist and becT^ 
of these variations, limits, or tolerances to which the part must confo 1156 
need to be set forth in the specifications. For example, if a part should 
be 6 inches long and one-fourth inch thick, the purchaser, realizing h 
cannot get a number of parts precisely this size, may be satisfied with 
parts that vary from 5.95 inches to 6.05 inches in length, and from 25 
inch to .28 inch thick. Such tolerances would usually be expressed as 

6 inches ± 0.05 inch and .25 inch + ! nc J* * 

— 0.00 inch 


A tolerance for cloth might indicate that not more than five defects of a 
certain nature would be allowed per running yard. 

When specifications are not capable of verbal expression and measure 
physical standards are often used to measure and compare the character¬ 
istics of the product. In textiles, for example, color standards consisting 
of swatches of dyed cloth are used for dyeing subsequent lots of material. 
Physical standards for wood finishes are often used in furniture manu¬ 
facture to indicate the desired color and sheen. By comparing the char¬ 
acteristics of the furniture being inspected with those of the physical 
standard, the acceptability of the furniture is easily determined. Obvi- 
ously such standards should be carefully preserved or else the company 
will find the quality level of its products shifting as the physical standards 
deteriorate or change through usage. 


INSPECTION DEPARTMENT 

Once the quality level has been determined for a company and the 
specifications and standards necessary to reach and maintain this quality 
level have been developed by engineering, then the inspection organiza¬ 
tion is charged with the responsibility of seeing that these specified criteria 
are met. 

From an organization standpoint, the inspection department is and 
should be a separate entity from the manufacturing organization, and 
should report to the plant superintendent or manager. The inspection 
department should never be a part of the shop production organization 
unless quality is of very minor importance. A moment’s thought will 
indicate the reason for this. Most shop men are charged with meeting 
certain manufacturing schedules. Giving them the responsibility for both 
manufacturing and inspecting a product may be putting too much tempta¬ 
tion in i: .ir path. In such instances when work is behind schedule and 



CONTROLLING QUALITY THROUGH INSPECTION 


515 


management exerts pressure to improve output, it is highly conceiv- 
lo P that products of questionable quality would "pass" inspection if one 
ab 6 were responsible for both manufacturing and inspection. For this 
^a?on the inspection organization is usually separated from an organiza- 

tioi 


rioSal point of view from actual manufacturing. 


WHERE INSPECTION 
TAKES PLACE 

physically, the inspection department may be located at one or more 
centralized points in the plant or the department may be divided and 
scattered throughout the shop. The particular location of the inspection 
department is usually dependent on the product being inspected, its bulk, 
difficulty in moving, and similar characteristics. At times, however, special 
equipment which cannot be moved may be required to inspect the prod¬ 
uct. In such instances, this equipment would determine the physical 
location of inspection. In some plants, of course, the layout of the build¬ 
ing is such that inspection can be performed only in certain work areas. 

Where centralized inspection is employed, all goods are trucked to one 
or a few central points for inspection. With inspectors thus in one loca¬ 
tion, closer supervision over them can be established. With this closer 
supervision, less skilled inspectors can be employed, and in addition, the 
closer supervision makes possible the achievement of a more nearly uni¬ 
form level of quality. Under centralized inspection, the worker and the 
inspector are separated, thereby practically eliminating any collusive 
action concerning whether or not a doubtful product should pass inspec¬ 
tion because work is almost always stacked up and waiting for them. In 
fact, in larger plants centralized inspection may afford a degree of special¬ 
ization. We should realize, however, that centralized inspection does little 
to prevent faulty work because specific operations are usually completed 
on materials before they are brought to be inspected. Rather, its major 
function is to discover defects after the work has been performed. 

As a matter of convenience, an inspection group is usually situated 
next to the receiving department so that incoming goods can be inspected 
before being moved into the plant and put into the work process. Such 
an inspection group is usually called " incoming inspection ” and they are 
responsible for the quality of the incoming material that goes into the 
product being manufactured. 

Some plants employ roving or patrolling inspectors. These inspectors 
are responsible for maintaining the quality level of the goods in process. 
Each roving inspector is usually responsible for a designated group of 
operations, and he must make specific checks to assure that manufacturing 
specifications are being met. He may move from machine to machine 
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and inspect the parts on the spot, or he may take the parts to an inspec 
tion area for checking. Inspecting the parts at the point of manufacture 
is much more common, usually more effective, and more desirable because 
time is lost in transporting materials to and from the centralized inspec¬ 
tion cribs. \This method of inspection, often called floor inspection, has the 
decided advantage of catching errors before the manufacture of all parts 
has been completed, thereby not spoiling all of the units in the production 
lot. In fact, to prevent the manufacture of bad parts many companies 
provide the machine operators with simple gauges to check the product 
quality, and the roving inspectors are only called where questions arise or 
where the products are not meeting the specifications. In such cases the 
inspector usually helps determine and remedy the difficulty in the manu¬ 
facturing process. Because of the independent nature of their work, floor 
inspectors are necessarily more highly skilled than those in centralized 
inspection. Floor inspectors must know the product, know how to inspect 
it, know how to correct quality deficiencies, and must be able to work 
with little supervision. 

Some plants manufacture precision parts that must be inspected under 
uniform conditions of heat and humidity. This type of inspection most 
normally takes place in a specially designed and air-conditioned room. 
Often the parts to be inspected are brought to these rooms to "soak" for 
six to eight hours before being inspected so that the uniform temperature 
and humidity in the room will have time to take effect on the product. 
Electric blanket controls, for example, are inspected and calibrated in a 
special room under these conditions by one company. 

The final inspection of a product usually takes place close to the point 
where work is finished. Some plants use only a visual inspection at this 
point whereas others give the product rigid tests. In some few companies, 
no final inspection takes place. One radio manufacturer, for example, 
does not inspect its cheapest radios. When the customer plugs in the 
radio, he is the first person to "test" the instrument to see if it will play. 
The radio company claims that the money saved by not inspecting more 
than pays for the replacements required. The effect of this lack of inspec¬ 
tion on product sales is open to debate. 


PREVENTIVE AND 
REMEDIAL INSPECTION 

Basically, inspection can be classified as either preventive or remedial in¬ 
spection. Preventive inspection, as its name indicates, is concerned with 
discovering defects, finding out what caused the defect, and helping with 
the removal of such causes. Its purpose is to prevent such defects from 
occurring in the future. Remedial inspection, on the other hand, is con- 
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cerned with sorting good parts from bad parts. Its primary purpose is 
to discover defective parts that have already been manufactured and pre¬ 
vent their use in the final product. Most companies employ both types 
of inspection, but emphasis is often on preventive inspection, because with 
high labor costs it is important that inferior products be caught before the 
worker’s efforts have been expended on further processing. 


TYPES OF INSPECTION 

Inspection procedures employed in inspecting incoming goods vary with 
companies. For a relatively small number of parts, 100 percent inspection 
is not uncommon. In this type of inspection, every part is examined and 
checked against the specification or standard established and each part 
may be accepted or rejected on the basis of the examination. In general, 
however, some plan of inspection by sampling is used when a large num¬ 
ber of items must be inspected. This method of inspection using statistical 
methods and sampling plans will be discussed in Chapter 26. 

Process inspection, as its name implies, is concerned with inspecting 
goods in process. During the manufacturing process much preventive in¬ 
spection and cost saving occur. The type of process inspection used de¬ 
pends to a large extent on the skill of the work force, the equipment used, 
and the tolerances specified. One very common type of process inspection 
is the first-piece inspection. In a machine shop, for example, after a ma¬ 
chine has been set up to turn out a part, one or two of the parts are run 
on the machine and are inspected before the entire lot is produced. This 
first-piece inspection might indicate that adjustments should be made 
in the machine, or it might show that the first piece meets the manufac¬ 
turing specifications and that the operator can go ahead with the job. 

Where several successive steps are required to make a product, and 
the accuracy of each step is dependent upon the accuracy of prior opera¬ 
tions, many companies run several pieces through all the steps required 
in the manufacture of the part. Thus, the acceptability of the entire oper¬ 
ation is assured prior to processing all parts through any one step. This 
type of inspection is actually an extension of first-piece inspection, but 
it is sometimes called pilot-piece inspection because a pilot or trial run 
is made of all the equipment to be used. As in the first-piece inspection, 
the necessary adjustments can be made in the various pieces of equipment 
before the entire lot is run, thereby preventing spoilage. 

In the manufacture of machinery or mechanical parts, a test or trial 
run may be made of the equipment to be sure that it performs in accor¬ 
dance with the specifications. Some automobile engines, for example, are 
given a trial run of twenty minutes after assembly, whereas tractor engines 
are run as much as six hours by one manufacturer. The important part 
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of trial run inspection is not to determine the physical characteristics of 
the product, but to ascertain how it performs. Tool and die makers, for 
example, often make tools exactly according to engineering drawings and 
specifications, but discover that when the tool is set up and a trial run 
is made that the tool does not turn out a part in accordance with the 
engineering specifications. This trial-run inspection of the tool indicates, 
therefore, that modifications of the tool will have to be made in order for 
it to turn out an acceptable product. Normal inspection procedures would 
not have brought this to light. 

Key-point inspection is another type of preventive inspection occurring 
in the manufacturing process at key points of manufacture. Key points 
are those places in the manufacturing process beyond which the product 
may not be capable of rework or where manufacture may be expensive 
or critical. Inspection at these points prevents an unnecessary expendi¬ 
ture of money on poor parts. 

The final-point inspection and testing of a product may deal with prac¬ 
tically any attribute. The inspection may be to determine the appearance 
of the product or it may take the form of an operating and performance 
inspection. Many types of machinery and equipment are used in the final 
inspection and testing of products. One type of final inspection performed 
by some manufacturers to determine the effectiveness of the product under 
certain circumstances is an (bidurance or destructive type of inspection. 
Obviously all products manufactured cannot be subjected to this type 
of inspection, but it is used in the final phase in order to ascertain the 
quality level that is being built into the product. Tire manufacturers, 
for example, give endurance and destructive tests to some of their prod¬ 
ucts on a sample basis. Using accepted statistical practices random samples 
are taken from the production lot, and if the sample tires do not meet 
the manufacturing specifications of wear and endurance, the entire lot is 
rejected. 


COSTS OF INSPECTION 

It is expensive to inspect, but often more expensive not to inspect. Good 
inspection, however, can be achieved at various costs. Inspection proce¬ 
dures can, for example, be intensively applied and every part inspected 
minutely with 100 percent inspection. On the other hand, inspection can 
be performed on a sampling basis with only the major characteristics of 
a few sample products checked. Every firm is interested not only in suffi¬ 
cient inspection but also in inspection at minimum costs. 

Determining which costs should be charged to inspection is sometimes 
difficult. In addition to the labor costs involved in inspection, the costs 
of acquiring and maintaining various types of inspection equipment must 
be considered. Several other costs, however, are properly attributable 
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o inspection, but are not so obvious as those mentioned above. These 
Idler costs come about as a result of either too little or improper inspec- 
on and are reflected in the costs of materials handling of poor parts, 
^ r ect and indirect costs associated with a rework of rejected material, 
and a possible final cost growing out of replacement of the part if it fails 
to function properly for the consumer. By collecting and analyzing these 
and similar costs, a firm is in a position to know how much certain inspec¬ 
tion procedures cost as well as discern trends in inspection costs. These 
figures, however, do not indicate what an appropriate inspection charge 
should be for a particular activity. 

Determining what a "good” or acceptable cost of inspection should be 
for a company is difficult. Many concerns express the inspection costs indi¬ 
cated above as ratios to direct labor or ratios to manufacturing costs, and 
then compare such ratios to those usually found in the industry. Depend¬ 
ing on the type of manufacturing, the ratio of inspection costs to direct 
labor varies from about 20 percent to a low of about .50 percent, with 10 
percent an often quoted figure. 


WHEN TO INSPECT 

All material received in the plant should be inspected prior to storage. 
Not only is quality maintained and controlled by inspecting it at this 
point, but in case the material is rejected, sufficient time usually remains 
to obtain an additional supply of material without seriously interfering 
with the manufacturing schedule. This incoming inspection should deter- 
mine quality as well as quantity. 

The frequency and place of subsequent inspections depend on the 
established quality level for the product. Inspection should not be so 
frequent that all responsibility for product quality is taken away from the 
worker. In fact, it is sound practice, insofar as possible, to hold the em¬ 
ployee responsible for the quality of his output and give him the respon¬ 
sibility for checking and inspecting his own work. Knowing that he is 
responsible, the employee usually exercises more care in checking the 
operating characteristics of the machine as well as in controlling the man¬ 
ual operations for which he is charged. 

Any tool being used for the first time should be inspected after it is set 
up in the machine and a first-piece inspection should be given to the first 
two or three products run with the new tool. If these first parts prove 
satisfactory, then the entire lot can be run. In the manufacture of some 
parts it has been found advisable to inspect the output of the machine as 
production progresses, especially if manufacture is difficult or the equip¬ 
ment is apt to get out of adjustment easily. Where one part goes through 
several critical operations, it is advisable to inspect output after each oper¬ 
ation before moving the part on to the subsequent machine. This key- 
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point inspection is especially needed where time consuming or expensive 
operations may result in a substantial loss brought about by workin 
on inferior products. ^ 

The typical place for most companies to inspect products is at the 
point where the product moves from under the control of one individual 
or department to the control of another department or individual. In this 
manner the cause and responsibility for subquality products can be more 
easily established. 


On large and bulky products that are difficult and expensive to ship 
the buyer may and often does send his own inspector to the vendor’s plant 
to inspect the product and determine if it will be acceptable. Where such 
items are being constantly manufactured, it is not uncommon for the 
buyer to maintain an inspector at the vendor’s plant on a permanent basis 
By such arrangements, both time and expense are saved in the shipment 
of substandard products. In addition, this type of inspection may aid the 
vendor in producing a product with the desired quality level. 


COMPUTERS AND 
AUTOMATION 

It is not uncommon today to find products being automatically measured 
or inspected at one or more points in the production process. This is done 
by the use of automated inspection equipment linked with computers to 
form an "on-line” arrangement whereby defective parts may be either 
rejected or the equipment on which they are made may be adjusted before 
rejectable parts are fabricated. By "on-line” we mean that the machine’s 
operation is being constantly monitored by the computer so that even 
slight deviations of a part—so slight that tho part is not rejectable—may 
be recognized and adjustments made where necessary to correct the devia¬ 
tions. This type of preventive inspection is costly, of course, and is most 
frequently found at critical spots where a defect might not be subsequently 
recognized (it may be covered by another part) or where a defect may not 
be capable of correction and the parts involved are costly. 


ULTRASONIC INSPECTION 1 

During the past decade ultrasonic inspection has leaped from oblivion to 
a point where it is playing a leading role in some of the inspection 
processes employed in the automotive and aerospace industries. In 1963, 

i Adapted from "The Growing Use of Ultrasonics in Manufacturing,” Modem Manu¬ 
facturing (June 1968), pp. 84-87. 
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ample, by using off line testing about 100 parts per hour could be 
f° f e *rtt>d whereas today by using ultrasonic on-line devices it is common 
’"Inspect 3,600 parts per hour. 

l ° Ultrasonic inspection, employing high-frequency sound waves, has 
found to be one of the cheapest yet most reliable methods currently 
detect flaws such as too thin parts, insufficient bond between 


been 


available to 

rts and voids in such parts as castings. The inspection may be per¬ 
formed either by contact testing or by immersion testing in a tank of 
water Immersion testing is more uniform and more accurate and em- 
olovs sound frequencies in the 400,000 cycles per second range. (A normal 
person s hearing range is up to about 18.000 or 20.000 cycles per second.) 
One major advantage of immersion testing using ultrasonic sound waves 
is that clumsy and oddly shaped objects can be readily inspected in sec¬ 
onds. Aluminum sheets for the 747 jumbo jet, for example, are being 
inspected six at a time in 200' x 18' tanks and the adhesive bond on heli- 
copter blades is checked in 40' x 4' tanks. Ultrasonic testing is also being 
used to check the internal structures of castings and forgings of complex 
parts like automotive crankshafts as well as to test corrosion along a rivet's 
shaft in airplanes without taking the planes out of service. 


INSPECTION RECORDS 

Inspection records form the basis for changes in inspection procedures 
and often indicate where either additional or less inspection is required. 
All incoming products are inspected with a complete record maintained 
of the variations in the quality of the products, defects if any, the nature 
of the defects, and the disposition made of the lot, that is, accepted or re¬ 
jected. Sometimes where defects are minor but still sufficient to make 
the material unacceptable according to the specifications, the inspector 
ma| refer the matter to the product engineer to see if he will agree to use 
the material with the deviations noted. The engineer may agree to do so 
and "sign off" to that effect on the inspector's report. The engineer may, 
of course, indicate that the material is unacceptable, in which case a new 
lot of material must be procured. 

Roving or patrolling floor inspectors keep accurate records of their 
work showing what they inspect, when, and the acceptability of the prod¬ 
ucts inspected. Process inspection records are not usually maintained by 
the inspection organization but travel with the material in the manu¬ 
facturing process. In intermittent manufacture, for example, the traveler 
copy of a manufacturing order often accompanies the material to serve as 
a means of identification, to indicate where the product should be routed, 
and also to serve as a record of inspection. In the latter case the inspector 
checks the parts or a sample of them and indicates his acceptance or rejec- 
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tion on the appropriate space opposite the particular step in the manu 
facturing process. 


INSPECTION DEVICES 

Depending on the established level of quality, various techniques and 
devices are used to determine if a product meets the standards and specifi¬ 
cations established by the engineering organization. An effective inspec¬ 
tion procedure for many products consists simply of a visual inspection 
This is true in textiles, where color and flaws are determined visually 
On more complex products where measurements are critical, various de¬ 
vices are used. Gauges are perhaps the simplest and most universal inspec¬ 
tion device used to indicate whether the part is oversized, undersized or 
within specification limits. Figure 25.1 illustrates typical "go-no go” 
gauges. Other devices illustrated in Figure 25.2 not only indicate if the 
part is acceptable or unacceptable but also show the degree of variation. 
One of the most common measuring devices is the micrometer caliper, 
illustrated in Figure 25.2. It has the capacity to measure dimensions from 
zero to two inches in increments of one-thousandths of an inch. A microm¬ 
eter caliper, for example, could be used to measure the thickness of the 
paper on which this book is printed. 



Figure 25.1. Ring and plug gauges. The plug gauges with members on each end are 
of the "go-no go” variety. (Courtesy Drown & Sharpe.) 
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Figure 25.2. Precision measuring instruments. Left: Micrometer calipers. The top 
micrometer is typically used to measure thickness, whereas the center and bottom 
micrometers arc used to measure inside dimensions. Right: A venicr caliper, used for 
inside as well as outside measurements. (Courtesy Brou n C~ Sharpe.) 


The above are all general purpose inspection devices. Manufacturers 
who produce parts in large numbers, however, can afford to have special 
purpose inspection equipment. The Ford Motor Company, for example, 
has a machine that automatically makes 133 inspections on each part. 
Humans are subject to variability and error and. where technically and 
economically possible, a good rule is to transfer the inspecting function 
to a machine. Cigarettes, for example, were formerly inspected by ma¬ 
chine operators, but now an electronic inspection device is used in 
their manufacture to assure a relatively uniform diameter, length, and 
weight. These devices inspect cigarettes at the rate of 1.250 per minute 
much more accurately than could an employee regardless of time spent. 
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Where machine inspection is possible, the machine is not only more 
accurate but it is also quicker and may considerably reduce in-process 
inventory. 

In extremely fine inspection work, it is not uncommon to magnify the 
part and project it on a ground glass screen so that a comparison with a 
template or outline on the screen can be made. The Rockwell Hardness 
Testor is used to determine the hardness of metals and other similar sub¬ 
stances. In using this machine, a point is pressed against the material 
under a given pressure and the distance that the point penetrates the 
material determines its hardness. Some companies use microscopes to in¬ 
spect small parts. X-ray and similar devices are sometimes used to examine 
the structural qualities of the product without destroying it. Figure 25 3 



Figure 25.3. The Isoscope, using active Cobalt #60, is shown being used to inspect the 
structural makeup of a steel tool. (Courtesy Babcock & Wilcox Co.) 


illustrates a machine developed by Babcock 8c Wilcox called the "Iso- 
scope." It is used to see through and thereby determine the structural 
make-up of steel up to seven inches thick. It uses radioactive Cobalt 60 
and requires about one-third the exposure time of a one-million-volt 
X-ray. 

Such great strides have been made in the development of inspection 
equipment during the past decade that it would be impossible to list here 
all the types employed. Equipment that enables us to inspect products 
for minute flaws has probably made the greatest strides. In fact, the ad- 
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in inspection equipment have been so great that there is probably 
VaI,C mpe Ct i° n device 10 cover almost an y conceivable requirement. The 

economics of the manufacturing situation, however, determine its prac¬ 
ticality and use. 


% STUDY QUESTIONS 

] What is the purpose of industrial inspection? How is this objective achieved? 
2 ' What is the quality level of a product? Why is it important to recognize and 

define? 

3. What is a specification? A standard? How are they used to maintain product 
quality? 

4. What types of inspection are frequently found in plants? Briefly describe 
each. 

5 Distinguish between preventive and remedial inspection. 

6 where is inspection commonly performed in manufacturing firms? 

7. How does pilot-piece inspection differ from key point inspection? Could they 
ever be the same? Why? 

8. Name some factors that determine when and where to inspect. 

9. Organizationally, to whom should the inspection department report? Why? 

10. Name five common inspection devices and tell how each is used. 
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Statistical quality control is a special type of inspection em¬ 
ploying mathematical techniques and probability. In many 
instances it may be used in place of the ordinary inspection 
procedures discussed in the previous chapter. Its objective, 
like that of inspection, is to control a firm’s quality level. 

Statistical quality control, or SQC as it is frequently 
called, consists of using statistical methods to gather and 
analyze data in the determination and control of quality. 
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Despite this somewhat involved definition, it is not too difficult to under- 

stand or to apply- 

The technique as it is generally known today was developed in 1924 
bv Dr. W. A. Shewhart of the Bell Telephone Laboratories in New York 
and received its widest recognition and application during World War 
II when quality output with minimum inspection and rejection was 
demanded. In its application, statistical quality control is manifest most 
often in charts which indicate visually the quality of the product being 
manufactured. When the product quality begins to drop or change, this 
is indicated by the chart, and action can be taken to correct this shift in 
quality. Actually, therefore, statistical quality consists of both (1) the 
statistical principles and charts used and (2) the action of employees to 
control the manufacturing process. 

In application, SQC deals mainly with the analysis of samples, and 
the making of inferences concerning the characteristics of the lots from 
which they are drawn. For example, we may sample the quality of a pot 
of stew by tasting (analyzing) one spoonful (a sample) and, on the basis 
of this small sample, infer that the stew needs more salt. Likewise, we can 
test several items from a production lot, and using probability theory 
infer that the entire lot is or is not satisfactory like the several sample 


products. 

By thus employing sampling and statistical inference. SQC can be used 
to accept or reject products already produced, or it can be used to control 
the processes and, therefore, product quality while the part is being made. 
When SQC is used to accept or reject an entire manufacturing lot on the 
basis of a sample, we call this acceptance sampling. In acceptance sam¬ 
pling, as we shall see later, the entire lot is rejected or accepted if a rela¬ 
tively small sample reveals more or less than the allowable number of 
rejects. If the number of rejects is indecisive, additional samples may be 
taken, n which case we call it double and multiple sampling. 

In addition to these applications, the principles of SQC as applied in 
acceptance sampling are also used as audits or checks to control the over¬ 
all quality of products. Western Electric, for example, selects a sample 
of completed products from their assembly line and checks each product 
for certain characteristics and faults. Each fault is given a numerical 
value according to its seriousness. A poor but operative soldering job, 
for example, would be given a better rating than a loose connection. By 
thus checking the products and totaling the numerical values of the de¬ 
fects. an index of quality can be computed. If this index falls below a 
certain acceptable level, the products must be reworked. This index of 


quality also serves as a guide to the relative quality level between plants, 
departments, and divisions. 
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STATISTICAL 
QUALITY CONTROL 


VERSUS 

inspection 


In the inspection plans discussed in the previous chapter emphasis was 
always on the number of items that would not meet the inspection require¬ 
ment. After the defective parts were found through inspection, the cause 
of the defect was determined and corrected so that subsequent parts would 
be manufactured to meet specifications. 

In statistical quality control, however, emphasis is not necessarily on 
the number of defective items but rather on the pattern made by the 
variation in products. Thus, in SQC the pattern of variation might in¬ 
dicate, for example, that the diameter of a screw machine part is increas¬ 
ing gradually. We would be made aware of this increase in diameter from 
data on statistical control charts and would make corrections in the manu¬ 
facturing process to rectify the condition before few if any defective parts 
were produced. In its truest sense, then, statistical quality control when 
used in this manner is really preventive inspection. When thus used, 
SQC effects savings in costs of production by eliminating waste, reducing 
the inspection work required, and reducing the amount of rework per¬ 
formed—all because rejects are prevented before defective parts are made. 
SQC also reduces inspection because a controlled process does not require 
so large a sample in acceptance sampling. We should note, however, that 
statistical quality control is only applicable to repetitive manufacturing 
processes; it is not considered economical to apply it if an individual pro¬ 
duction run is short in duration and will probably not be repeated. Hie 
reason, of course, is that the production run may be completed before 
we have sufficient data on which to establish control limits. Rissik recom¬ 
mends that SQC should not be used where a production lot runs for less 
than two ten-hour shifts or three eight-hour shifts. 1 

Because statistical quality control, like regular inspection procedures, 
can be applied to determine whether or not to accept quantities of prod¬ 
ucts that have already been made, and in addition can be used in the 
production process, it is gaining wide acceptance and application in mod¬ 
ern manufacturing enterprises. 


i H. Rissik. Quality Control in Production (London: Sir Isaac Pitman 8c Sons Ltd., 
1947), p. xiii. 
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SAMPLING 


Statistical quality control is based on sampling, probability, and statis- 
Yal inference, that is. judging an entire lot by the characteristics of a 
UC , e 'phe question is often raised as to whether a sample always reflects 
^mie nature of the characteristics of the production lot. The answer is 
however, sampling may be the only way to estimate the quality of a 
' F or example, the only way to determine the life of an electric lamp 
is to burn it until it burns out; or the only way to really test a rifle shell 
is to fire it. In each of these instances inspection is destructive, and sam- 
ling is obviously required if the product is to be marketed! 

P Strange as it may seem, sampling has usually been found to be more 
nearly accurate than 100 percent inspection. The reason for this is that 
humans get tired of doing the same monotonous work over and over, and 
errors due to “inspection fatigue" creep in. This is illustrated by the 
following experiment. 

A mixture, whose percentage of good and bad parts was known, was 
submitted for 100 percent inspection. The first such inspection removed 
68 percent of the defective items; when the remaining "good" lot of ma¬ 
terial was submitted, 18 percent more of the defective parts were dis¬ 
covered; and two more similar runs added 12 percent more defective parts. 
As C. W. Kennedy, quality control engineer at Federal Products Corpo¬ 
ration remarked. "400 percent inspection was 98 percent perfect." 2 
Another and perhaps more easily understood reason for employing 
sampling rather than 100 percent inspection is that it is much less expen¬ 
sive where relatively large quantities are involved. This is true because 
sample sizes do not have to be large. Thus, statistical quality control based 
on sampling can definitely save time and money. We should recognize, 
however, that to be statistically valid the sample must be representative 
of the production run. 


Representative Sample. Perhaps the most critical rule of sampling 
is that the sample be properly drawn from the batch, that is, the sample 
must be representative. If we need a sample of 30 units from a produc¬ 
tion run of 250 units, then it is imperative that these 30 units be repre¬ 
sentative of the entire 250 lot. Obviously this would not be so if all 30 
were taken from the units produced during the last fifteen minutes of 
the operation. In like manner the sample would not be representative 
if all 30 came from the units manufactured during the initial fifteen min- 

2 "Statistical Quality Control,” Fortune (December 1949), p. 164. 
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utes of production. Sampling, instead, should be on a random basis where 
all possible samples in the production lot have an equal chance of beino 
included. In this illustration, then, the sample of 30 would probably be 
more nearly representative if the individual units were chosen at more 
or less periodic intervals throughout the entire manufacturing run. 

PRODUCT VARIATION 

No two manufactured products are alike. The variation between them 
may be small, but the products are not identical. A certain amount of 
variability is inevitable in any manufacturing process, and the amount of 
the variation between products increases as the operating precision of the 
machine or manufacturing process decreases. 

An automatic screw machine, for example, might turn out parts that 
are supposed to be 3 inches long. However, by carefully measuring these 
parts, we may find that they vary from 2.925 inches to 3.075 inches, with 
most of them being very close to 3 inches in length. These variations in 
the product produced by a machine may be due to chance causes, or they 
may be due to some assignable causes. 

Chance causes are those that are characteristic of the manufacturing 
process and over which we have practically no control. In any machine 
process there are always a large number of small chance causes at work. 
For example, there is a certain amount of ‘'play" or space between the 
gears on a machine. This tolerance or play might happen by a back-lash¬ 
ing action to cause the cutting tool to move back 0.04 inch more than 
normal, thereby increasing the length of the part by 0.04 inch. This chance 
combination of gear interaction may not occur again for hundreds of 
pieces. The diameter, finish, and hardness of the bar stock used in the 
machine may vary ever so slightly and such variations, coupled with the 
hundreds of minor variations that could be caused by the play between 
tools and gears, make products vary. They do not vary much—but they 
vary. These and similar chance factors act on each piece separately. On 
one piece they may cancel out each other and, therefore, produce a prod¬ 
uct that is exactly three inches long. On others, the part may be slightly 
shorter than three inches because of the chance combination of these 
factors, and thus chance operates. In most cases these chance factors tend 
to cancel out each other and, therefore, the length of the products being 
made in our illustration would be very close. A few might be 2.925 inches 
long and one or two might be 3.075 inches long. For every manufacturing 
process these chance factors make up a pattern that is present until some 
of the conditions of manufacture have been changed. 

Other variations can also occur in the manufactured product as a result 
of assignable causes. Assignable causes of variation in a product are those 
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that can be assigned to some specific element in the process. If, foi ex- 
mple, the par 1 * s consistently too long the reason is probably due to a 
jhift or movement in the cutting tool. In this instance, therefore, there 
is a reason for the variation that can be assigned; it is not due to chance 

alone. 


NORMAL DISTRIBUTION 


If a large number of such "identical*' parts are inspected, we will find 
that the variation in the products due to chance alone follows a definite 
pattern. For example, if we measured the length of all the parts pro¬ 
duced on the screw machine discussed above we would find that most 
of them would cluster around three inches with a few parts varying to 
cither extreme. Figure 26.1 illustrates how many parts fall into each 
tray, or class interval, forming a pattern known as a frequency distribu¬ 
tion. Note that the distribution is not symmetrical. However as we increase 



Figure 26.1. Frequency distribution of parts made on automatic screw machine. (Cour¬ 
tesy Bureau of Ordnance, Department of the Navy.) 
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the number of parts measured, the frequency distribution tends to become 
more and more nearly symmetrical; and with a sufficiently large quantity 
a perfectly symmetrical distribution would result as indicated in Figure 
26.2. This is called a normal distribution. 



Figure 26.2. With an increase in the number of parts measured, the frequency distribu¬ 
tion tends to become more nearly symmetrical. (Courteiy Bureau of Ordnance, Depart¬ 
ment of the Navy.) 


CONTROL LIMITS 

When only chance causes of variation are present in a normal distribution 
such as the one just described, we can, by employing statistics, determine 
precisely the limits within which a certain percentage of the parts will 
fall. This is done by computing a statistic called a standard deviation. 
The standard deviation is computed by first determining the average 
length of all the parts and then getting the difference between this average 
length and the actual length of each individual part. These figures (differ¬ 
ences) are then squared, summed, averaged, and the square root taken. 
The final answer is known as the standard deviation. 
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a normal distribution the mean or average plus and minus one 
d rd deviation establishes the limits within which 68.3 percent of 
Stan roducts will fall; the mean plus and minus two standard deviations 
* C P limits within which 95.5 percent of the items will fall; and 
**** mean plus and minus three standard Aviations establishes limits 
Ch thin which 99.7 percent of all cases will fall. For example, to establish 
limits within which 99.7 percent of ali the screw machine parts previ- 
1 1 mentioned will fall, assume that the average length is three inches 
OU j t k at the standard deviation is .025 inch. Then the mean of three 
30 . es plus and minus three standard deviations would yield limits of 
2925 inches and 3.075 inches within which 99.7 percent of all parts would 

fall- 



Figure 263. The relationship between a control chart and the normal curve. 


In SQC, however, we usually work with samples from a production lot 
and are interested in knowing how well the averages of these samples 
reflect the characteristics of the lot. We may, for example, choose samples 
of parts from the output of the automatic screw machine previously dis¬ 
cussed and infer from their average lengths that the production process 
is still working satisfactorily, that is, that assignable causes of variation 
are not at work. Like measurements for individual parts, these average 
measurements also form a normal distribution and upper and lower con¬ 
trol limits can be calculated. Thus, if we take the grand average of a 
number of sample averages and add to it and subtract from it three stan¬ 
dard deviations of the averages, we will have the limits within which 99.7 
percent of all sample averages will fall. 

In SQC the limits formed by the grand average plus and minus three 
standard deviations of the averages are usually called control limits and 
represent the bounds within which the average lengths of sample parts 
will fall. For example, if we take a sample of five parts and get the aver¬ 
age length of these parts, this average will nearly always fall within the 
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control limits. If a sample average falls outside these limits, then som 
cause other than a chance cause is probably at work. The variation is j C 
all probability due to an assignable cause, and it is a signal to check the 
manufacturing process. The easiest way to see and follow the pattern of 
such sample averages is through the use of a control chart. 


CONTROL CHARTS 

The control chart is actually a horizontal extension of the normal curve 
and the control limits indicated on the curve (Figure 26.4). The vertical 
scale on the chart indicates the variable being measured—pounds, inches 
and so on; and the horizontal scale is usually in approximately chroncv 
logical units such as hours, days, lots, and so on. Sample of the product 
are taken at designated time intervals and the characteristic being checked 
is measured and averaged. In our illustration this characteristic would be 
the average length of the sample parts. 

Assume for example, that at eight o’clock in the morning we inspect 
the lengths of a sample of five parts and find that the average length is 
3.01 inches. This figure is noted on the control chart by placing a dot 
opposite 3.01 inches on the vertical scale and over the eight o'clock hour 
on the horizontal scale. In a similar fashion, subsequent samples are 
taken and the average lengths plotted on the control chart. By so plot¬ 
ting these averages, a pattern of the production process develops and we 
can easily determine if the process is "in control,'’ that is, if the averages 
of the samples fall between the control limits. We say it is "in control” 
because the sample averages will fall between the control limits 997 
times out of 1,000 if only chance causes of product variation are in effect. 

Most control charts are made up of a top and bottom part—the top 
for plotting means or averages and the bottom for ranges. The top part 
indicates the process mean, the upper and lower control limits for the 
process mean and, in addition, provides spaces for plotting the average 
measurements of samples (see Figure 26.4). Thus, by plotting the aver¬ 
ages of samples as they are taken at different times during the day, we 
can watch the progressive fluctuations and changes in these averages and 
thereby determine if the process is in control. If, for example, the aver¬ 
ages of sample after sample fall within the control limits in a normal 
fashion, then we can see that the manufacturing process has not changed 
and that it is uniform within the bounds of variability established by the 
chance variation of the productive process. The process is said to be in 
control. 

When the pattern of averages tends to move toward a control limit 
on the chart, however, it is an indication that the process may be get¬ 
ting out of control. Perhaps a tool is wearing and should be replaced 




Figure 26.4. A quality control chart showing averages and ranges of samples. 









536 


THE CONTROL SYSTEM 


(see Figure 26.4). If 7 or more sample averages fall consecutively on one 
side of the center line, then according to statistical theory the process may 
well be out of control—that is. assignable rather than chance causes are 
affecting product variation. Likewise, if 10 out of 11 sample averages, or 
12 out of 14, or 14 out of 17, or 16 out of 20 sample averages fall on one 
side of the mean average, then the probability is great that the process 
is out of control 3 and that some action will be required to get it in con¬ 
trol. Thus, if seven consecutive sample averages are above the center line 
we should immediately check to determine the cause. We may find after 
investigation that a part has slipped and needs resetting. When this is 
corrected the pattern of averages should shift back around the center 
line or mean of the control chart. 

When an average of one sample exceeds either the upper or lower 
control limit, then we have a definite sign that the process is out of control. 
Some cause or causes other than chance are present in the process. Per¬ 
haps a machine stop has slipped, or the operator set the machine incor¬ 
rectly. In either event, some corrective action is needed to bring the 
process back in control. 


RANGE 

The bottom part of the chart (Figure 26.4) provides a space for indicat¬ 
ing the ranges of the samples. The range is the difference between the 
highest and the lowest value in the sample. In a sample of ten parts, for 
example, the shortest part may be 2.96 inches and the longest 3.05 inches, 
making a range of .09 inch. Although the sample average shows that the 
parts on the average are either larger or smaller than the arithmetic mean, 
the range shows the dispersion and is, therefore, a measure of variability. 
The range shows the difference between the largest and smallest part, 
and this variability can be plotted and watched along with the averages 
of the attribute being measured. Smaller ranges indicate a more nearly 
consistent and uniform product. For example, if the range of three sam¬ 
ples were .09 inch, .08 inch, and .09 inch, and the ranges of three addi¬ 
tional samples were .03 inch, .04 inch, and .03 inch, then we could say 
that the parts in the samples with the smaller ranges were more nearly 
alike and more uniform than those parts with the larger ranges. 

The type of control chart described and illustrated in Figure 26.4 can 
be used to analyze variables such as length, width, weight, and so on, or 
it can be used for attributes, where the only concern is to determine if the 
part is either good or bad. The form may be the same in both cases. 


3 Dudley J. Cowden, Statistical Methods in Quality Control (Englewood Cliffs, 
N. J.: Prentice-Hall, Inc.. 1957), pp. 231-232. 
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CONSTRUCTING THE X 
AND R CHART 4 


1 charts are relatively easy and simple to construct, 
ten or more samples of four or five units each should be selected. 

1 e san iples should be taken in the order in which the parts were pro- 
Ta ble 26.1, for example, shows the length of ten samples of five 
^ch taken from an automatic screw machine in the order in which they 

\cond ! the mean, X, is calculated for each sample of five. Then, a 
d mean, X, is calculated by averaging the ten sample means. 
^Third, determine the range, R, for each sample of five and then the 


average range, n. 

Fourth, calculate the upper and lower control limits. Although these 
limits can be calculated by using the standard deviation method previously 
discussed, this technique is laborious and time consuming. A simpler 
way is to employ a table of factors. Using such a table, we can compute 
the upper and lower control limits with the following formulas: 


Upper control limit for the mean = X + A 2 R 
Lower control limit for the mean = X — A 2 R 
Upper control limit for the range = D 4 R 
Lower control limit for the range = D 3 R 


For samples of five units, the American Society for Testing Materials 
recommends the following values for the factors A 2 , D 3 , and D 4 : 


A 2 = .58 
D 3 = 0 

D 4 = 2.12 


Thus, by substituting these values in the above formulas, we can easily 
and quickly compute the control limits. Table 26.1 illustrates the use 
of these formulas in determining the upper and lower control limits for 

the X and R. 

Fifth, plot these control limits for the gTand average and the average 
range on the charts, and at the same lime locate the center line or mean 
for each. This completes the chart using historical data. Now plot the 
values of X and R from steps two and three in the order in which they 
were drawn. 

Frequently, such control charts with the control limits extended are 


4 Adapted from H. B. Maynard, editor. Industrial Engineering Handbook (New 
York: McGraw-Hill Book Company, 1956), pp. 6-99 and 6-100. 
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located at the machine, and roving inspectors periodically, say e 
half hour, inspect a similar-sized sample (in this instance, a sampled 
five) and plot the sample’s average and range on the chart. In this w °* 
a running check is maintained to be sure that the process is in contM 


ATTRIBUTES VERSUS 
VARIABLES 

When we inspect parts and reject them, we may do so on the basis of 
either attributes or variables. 

With attribute inspection, we either accept or reject a part without 
using quantitative measures. The product either possesses or does not 
possess the attributes we are looking for. If we are inspecting soft drink 
bottles for cracks, for example, we are inspecting for an attribute. A 
bottle would either be accepted or rejected on the basis of whether or not 
it had any cracks in it. Inspectors at automobile plants who inspect the 
paint on automobiles are performing attribute inspection. In this instance 
they use their judgment to decide whether or not the car’s paint finish 
passes. They don’t measure it in some way and thus reject or accept it 

When we accept or reject parts on the basis of variables, however, we 
do so because of factors that can be measured. We can reject a part, for 
example, because it is three ounces too heavy. Or we may accept a part 
because under abrasive tests it lasts 14 hours. In each instance, the vari- 
ables can be expressed in quantitative terms. 

Thus far in this chapter we have been discussing the application of the 
principles of SQC insofar as they apply to the inspection of variables. 
We dealt with average sizes of products and the deviation of samples from 
these averages. SQC can also be used with attribute inspection; however, 
with attribute inspection a part is either accepted or rejected—there are 
no variables. Therefore, instead of plotting variables on the chart we 
frequently plot the fraction of parts defective in a sample. The basic 
approach and treatment of attribute inspection on control charts, how¬ 
ever, is the same as for variables. The difference is that frequently we 
will do our work with fraction defectives rather than with specific measure¬ 
ments. 

In attribute inspection, for example, we determine from past records 
what the average fraction of rejects (p) has been for a large number of 
samples. This is computed by dividing the total number of defectives for 
the period by the total number of parts inspected during the period. 
Using this average, we next figure the standard deviation of the fraction 

defective (^p = P )^ an d esta bli s h our upper and lower control 
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limits by adding and subtracting three standard deviations from the 
average fraction defective. Inasmuch as many of us more easily under- 
stand percentages, it is frequently desirable to convert these fraction 
defectives into percent defectives. Using these percentages we construct 
a regular control chart. 

The average percent defective, for example, may be 5 percent, with 
an upper control limit of 7 percent and a lower control limit of 3 percent. 
These control limits are indicated on the control chart. Now as samples 
are taken, the percent defectives are plotted (as were measurements) on 
the chart and if these percent defectives fall outside the control limits of 
7 percent and 3 percent, an investigation will be made to determine the 
reason for the variation. Obviously, if for any sample the percentage of 
rejects is so high that the sample point falls above the upper control 
limit, then some action should be taken to make corrections. Likewise, if 
for any sample the percentage of rejects is so low that the sample point 
falls below the lower control limit, then we should check to find out 
why. It may be that physical inspection standards (such as a finish or color 
standard) have become worn or marred, thereby actually causing bad 
parts to be accepted. Or it may be that the employees are being more care¬ 
ful in their work. This may or may not be desirable depending on cost. 
Thus, control charts dealing with percentages are used in essentially just 
about the same way that other control charts are used. 


ACCEPTANCE SAMPLING 

Acceptance sampling is a system of sampling that determines whether 
an entire lot of goods should be accepted or rejected. It may be used 
at any point in a plant but is most often found in incoming inspection and 
as such it is an important part of the overall quality control program of 
a plant. 

As in the statistical quality control procedures discussed above, the 
sample of the parts must be taken in such a manner that it will be repre¬ 
sentative. Each possible sample from a lot should have an equal chance 
of being included. The actual size of the sample varies according to the 
risk we are willing to take that occasionally we will accept a lot in which 
the percentage of defectives is greater than that permissible, or reject a 
lot in which the percentage of defectives is small enough to be considered 

satisfactory. . . - . , , 

Once the sample has been drawn, each part is inspected and is found 
to be either acceptable or rejectable in accordance with the engineering 
specifications. On the basis of the number of defective parts in the sample, 
the entire lot is either rejected or accepted. If there are only a very few 
rejects in the sample, then the entire shipment would be accepted. If the 
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number of rejects in the sample is large, then 


we reject the entire ship- 


01 Acceptance sampling uses much the same procedure that a grocer uses 

n he takes several apples from a bushel and on the basis of these 
rJdecides whether or not to purchase the bushel of apples. He could. 
[ course, inspect every apple but this would be time consuming, costly. 
° -practical, and may yield no better results than his system of sampling. 
When he purchases by sampling, he realizes, of course, that he might 
eject a good bushel occasionally and he might accept a bad bushel oc- 

1 sionally. On the whole, however, he feels that he can judge pretty well 

qualities of the apples by the samples. 

Obviously all the apples in the bushel will not be perfect ones; neither 
will they all be bad. In determining whether or not to purchase the bushel 
of apples the grocer must decide what percentage of imperfect apples 
will be acceptable to him. He may decide that if more than 8 percent 
of the apples are imperfect he will not buy. This maximum percentage 
of defective units that he will allow is known as the lot tolerance percent 
defective (LTPD) or p 2 . The seller of the bushel of apples might wish 
all his apples were perfect but he realizes that a certain percentage, say 

2 percent, will be imperfect. This percent of apples that is expected to be 
defective but which would still allow the bushel to be classified as “good" 
or acceptable is known as the acceptable quality level (AQL) or p x . Thus, 
we have two limits, an acceptable quality level of 2 percent and a lot 
tolerance percent defective of 8 percent. 

There are two other risks involved in sampling in addition to those 
discussed above. In sampling the bushel, the grocer recognized that he 
would occasionally reject a good bushel as well as occasionally accept a 
bad one, that is, a bushel with an LTPD above 8 percent. This risk of 
accepting a bad bushel is known as the consumer’s risk. Likewise the 
seller of the apples recognizes that some good bushels will occasionally 
be rejected because of the variability of sampling. This risk is called the 
producer’s risk from sampling. 


TABLE 26.2. Values for Use in a Single Sampling 
Plan (Where Alpha = Beta = .05) * 


R o 

c 

n Pi 

5.7 

3 

1.366 

4.6 

4 

1.970 

4.0 

5 

2.610 

3.6 

6 

3.290 


• Paul Peach. Industrial Statistics and Quality 
Control, second edition (Raleigh. N. C.: Edwards & 
Broughton Co.. 1947), p. 228. 
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With these four risk percentages determined, a sampling plan can be 
devised to yield the desired results. Table 26.2, for example, was set ud 
where the producer’s risk (Alpha) of 5 percent was equal to the consumer^ 
risk (Beta). In the apple illustration above let us assume that the grocer 
wants to buy 50 bushels or about 4,000 apples and wants to know how 
many apples he should inspect, and on the basis of this inspection when 
he should reject or accept the 50 bushels. We can answer this by acceptance 
sampling. First we determine the operating ratio, R ol of the LTPD to 
the AQL. (This would be 8 -4- 2 = 4.) This figure in Table 26.2 indicates 
a value of 5 for c, the acceptance number, and 2.61 for n p v By dividing 
n pi by the AQL (p x ) we get the sample size N of 130. Thus, the grocer 
should select a representative sample of 130 apples, inspect each one, and 
should reject all 4,000 apples if more than five imperfect ones were found 
in the sample of 130. This is known as a single sampling plan. The deci¬ 


sion to accept or reject the apples was based on the results of one sample 
of 130 apples. 

Other plans may call for two or more samples. When we use a double 
sampling plan, for example, a smaller first sample is drawn and the lot 
is accepted or rejected if the number of defects in the sample is either very 
large or very small. If the number of defects is not decisive, a second 
sample is taken and a decision made on the basis of these two samples 
combined. This is illustrated diagrammatically in Figure 26.5. In multiple 
sampling plans, smaller samples are taken in sequence until the results of 


Inspect Sample 

• 1 


very large 


If number of 
defects is 


- 1 - 

not decisive 


very small 


Inspect a 
Second Sample 


If number of defects in 
first and second samples 
combined are 

I 


I 

very large 


—I 

very small 


reject 


accept 


Figure 26.5. Schematic dia- 
gram showing the operation 
of a double sampling place. 
Adapted from J. Af. Juran, 
ed.. Quality Control Hand¬ 
book (New York: McGraw- 
Hill Book Company, Inc., 
1951), p. 451. 
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the samples provide conclusive evidence for the acceptance or rejection 
of the lot. Figure 26.6 illustrates this diagrammatically. The advantage 
of a double sampling plan over a single sampling plan is that a smaller 
first sample is taken which often provides the evidence necessary for the 
acceptance or rejection of the lot. Or if additional samples are required, 
the average size of the total sample is usually smaller. Thus, inspection 
time and effort are saved. In multiple or sequential sampling plans the 


Inspect Sample 
• 1 


If number of 
defects Is 



Figure 26.6. Schematic diagram showing the operation of a multiple sampling plan. 
Adapted from Juran, Quality Control Handbook, p. 4)2. 
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first samples are even smaller than those of the double sampling pl an , 
with the same types of advantages. 

Various acceptance sampling plans are used by different companies to 
determine the acceptability of incoming raw material, as well as to deter¬ 
mine the acceptability of various batches of material processed in the 
plant. Where acceptance sampling is used within a plant, one depart¬ 
ment is thought of as being the seller and the department receiving the 
material is thought of as the buyer. Sampling plans that incorporate the 
risks desired are used in these inplant situations. 


COMPUTER APPLICATIONS 

On-line computer applications in the area of quality control are gaining 
favor among larger manufacturing firms. One problem that has plagued 
such companies is how to maintain quality standards under the pressure 
of ever increasing rates of production. The typical sampling and inspec¬ 
tion techniques previously discussed are inadequate because they are too 
slow in these high-volume situations. To cope with this situation, the 
computer has been adapted as a quality information machine. 

Essentially this new piece of quality control equipment is guided by 
input tapes which are programmed using the design specifications and 
tolerances indicated by the engineers for the parts. As parts are produced, 
various dimensions are checked and instantly fed into the computer. With 
these data, minor trends and even slight changes that could lead to faulty 
products are quickly detected by the computer for corrective action to 
prevent the production of faulty or substandard parts. The control deci¬ 
sions made by these machines, of course, are based on the statistical tech¬ 
niques discussed above and provide instantaneous product analysis which 
would require a great deal of time for manual application. 

Computerized quality control techniques such as these are used by 
manufacturers of electronic parts, such as General Electric and Western 
Electric, to test a wide variety of their products ranging from transistors 
and resistors to relays and coils. In fact. General Electric found that pro¬ 
grammed quality control reduced its inspection labor in some instances 
by as much as 95 percent and reduced internal failures in industrial con¬ 
trols to such an extent that the computer installation paid for itself in two 
years. 5 Western Electric s experience in its Winston-Salem, North Caro¬ 
lina, plant illustrates computer speed and accuracy in its inspection of 
carbon resistors at the rate of 1,200 per hour. 6 

.". •Machines for a New Age of Quality." Steel (September 24. 1962), pp. 84-86. 

6 D. S. Halacy. Jr., Computers—The Machine We Think With (New York: Harper 
and Row. Publishers. 1962). p. 212. 
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EFFECTS OF STATISTICAL 
QUALITY CONTROL 

. tica l quality control whether performed manually or by computers 
bees an emphasis on judging the quality of the mass rather than each 
^dividual unit. By thus studying the pattern of product measurements 
preventive action can be taken to keep the process in control before few 
•f any defective products have been produced. Acceptance sampling, we 
f und. could be effectively used on batches of material where measure- 
°ent is not practical or possible, but where attribute (good or bad) inspec- 
don is employed. In these instances action can be taken to remove the 
cause of poor work, thereby decreasing the percentage of defective items 
produced. Also of growing importance in industry is the use today of 
variables acceptance sampling. 

As assignable causes of product variation are reduced over a period of 
time through the use of statistical quality control, the quality level of 
the product can be predicted with greater assurance and a more nearly 
uniform product will result. Both of these are major and important fac- 
tors for the consumer, and, therefore, more sales and higher profit should 
result. In addition to these practical objectives, it is not unusual for direct 
monetary savings to accrue from a reduction in testing and inspecting 
procedures as well as from lower rejection rates and less reworking of 
material. The Mueller Brass Company of Port Huron, Michigan, for ex¬ 
ample, reported an annual saving of over $200,000 from the use of statisti¬ 
cal quality control. 7 

We should emphasize again, however, that statistical quality control is 
not applicable to all processes; but with intelligent conception, planning, 
and application, statistical quality control should prove to be a step for¬ 
ward in better management and control of the facilities of production. 8 


STUDY QUESTIONS 

1. What isSQC? How does it differ from inspection? How can it be used? 

2. What is inspection by sampling? Explain. 

3. What is the range, R7 Why is it of value in SQC? 

7 Ernest Schleusener, "Now Better Quality—Plus $200,000," Factory Management 
and Maintenance (April 1956), p. 98. 

8 For a short and easy summary of statistical quality control, see "An Introduction 
to Statistical Quality Control" (Washington: Department of the Navy. n.d.). 
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4. What do we mean by a "representative sample"? 

5. Distinguish between chance causes and assignable causes. 

6. Outline how to construct an X and R chart. 

7. Describe a control chart and indicate how it is used. 

8. What do we mean by attributes as a basis for rejecting a part? Variabl 

Can SQC technique be employed when either of the two serves as a b ** 
for inspection? How? Explain. ***** 

9. Explain what acceptance sampling is and how it can be used. 

10. What does management expect from the use of SQC? 
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The function of controlling the materials used by a firm 
used to be thought of as simply "minding the stores" and 
was performed by uninspired clerks with little or no train¬ 
ing. Their work at best was haphazard, unchallenging, and 
more by guess than by system. When they realized that some 
item in stock was "getting low" they simply ordered some 
more so there would be no danger of running out. 

To call such an approach "inventory control" would be a 
misnomer. It would have been more aptly labeled "inven¬ 
tory mu-con trol." 

Today, thankfully, the inventory control manager is apt 
to have professional training and real skill in the field. His 
objective may well be to reduce inventory by, say, $300 m il- 
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lion next year, not an excessive goal when we stop to realize that the in 
ventory of our largest electrical and automotive firms runs between $750 
million and $1.5 billion. These are staggering amounts of money to have 
invested in inventory and it is no wonder that more attention is bein 
focused today on this important aspect of operating a business. 8 

The heart of the inventory problem can be reduced to one simol 
statement: is the cost incurred in maintaining the stock of materials 
economically justifiable in light of the profit opportunities it affords. Or 
stating it otherwise, the objective of inventory control is to have the C or- 
rect amount and quality of material on hand at the time 


a minimum expenditure of investment consistent with busing 


required with 


ency 


expedi- 


Virtually every company requires some inventory to operate. A retail 
store, for example, must maintain an adequate stock of mer^^Jjge for 1 ^ 
a given sales volume. Likewise,"an efficiently operating manufacturing 
concern must maintain a .supply of parts and products for manufacturing ^ 
purposes. Regardless of the type of firm, however, the requirements for a 
good system of controlling inventories must include a provision to ensure 
that sufficient materials are on hand to permit production and shipment 
of products to customers as quickly as possible. 

Although the quantity of items stocked varied with the industry and 
the process, controlling the inventory of stocked items in any firm presents 
a threefold problem. First, some procedure must be established to procure 
an adequate supply of the required materials. Second, some system must 
be established to maintain and protect the materials after they are placed 
in inventory. Third, a routine must be established to issue the materials 
when and where they are needed. These three functions of tuning, 
maintaining, and issuing materials are the three major functions of effec¬ 
tive inventory control 



INVENTORY CONTROL 
COSTS 


From the point of view of the average manufacturing concern, the cos 
of physically maintaining the inventory represents a relatively large ex, 
penditure and involves such expenses as storekeeper's wages, costs of'stori 
age facilities, interest, clerical assistance, and the like. For many companies^ 
a major portion of this large inventory expenditure is ah outright waste 
because inventories are often maintained at a level several times that 
warranted by the business. Thus, a large portion of the storeroom per¬ 
sonnel’s time may be spent maintaining, guarding, and inventorying 
superfluous material. 

In addition to the physical costs of maintaining large inventories, firms 
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also experience other costs such as losses resulting from price declines 
obsolescence, detenorat.on, breakage, unnecessary space requirements, un¬ 
warranted utilization of equipment and labor, and extra taxes and insur¬ 
ance. On the other hand, losses may also accrue because of an undersupply 
of goods—not having the correct quantity of material on hand when 
needed. Such a lack of material could interfere with routine production 
could delay assembly of the final product, could cause the loss of customer 
good will and perhaps business, or could prevent a contract or production 
order from being started and finished on schedule. Each of these might 
easily result in the uneconomical use of plant capacity. 

A poorly planned or administered system of inventory control in which 
irresponsible operators have access to stock tiTjfTisult in loTses from 
spoilage. For example, an operator rather than report that a part has 
been spoiled could get replacement stock from the stores without proper 
authorization. The result would be that the physical inventory would 
not agree with the book inventory and subsequently a production delay 
m ay well occur because production planning would be made on the basis 
of book inventory. Obviously, efficiency in a manufacturing organization 
cannot be achieved or attained under such conditions. 


PREREQUISITES FOR AN 
INVENTORY CONTROL 
SYSTEM 

The end objective of inventory control consists in having at the precise 
time required the correct amount and quality of materials on hand with 
a minimum expenditure of investment consistent with expediency/Vor 
a control system to achieve this goal, certain definite prerequisites must 
be met and certain information must be available. These include: 

1. An adequate, enclosed, well-arranged storeroom, with (a) definite loca¬ 
tion of material and (b) definite identification of material,, 

2. Centralization of authority and responsibility with an adequate stall to 
man the function, particularly a responsible, preferably bonded store- 
keeper. 

5. A system for count and inspection of material upon receipt. 

I. Absolute control of the issuance of materials. 

5. Adequate and accurate records indicating the amount ordered, appor- 
tioned, available, and on hand. 

6. Periodic physical inventory. 

7. Provision for eliminating slow moving and obsolete items. 

8. Checks to ascertain enforcements of routine. _/ 

Perhaps it would be well to amplify some ofri,e above indicating how 
they function in achieving control. 
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Enclosed Storeroom. In an ordinary bank the tellers' cages are store 
rooms for currency, and the reason for enclosing them, obviously xo 
control the flow or movement of money. Likewise, an industrial store 
room must be isolated from the usual traffic and manufacturing area b 
some type of fence or enclosure to regulate the flow of its material This 
precaution may appear uncalled for, but employees will '‘borrow” any¬ 
thing from 129,000 pounds of scrap lead to $500,000 worth of sumps* 
In fact, employee theft amounting to billions of dollars annually is one 
of the quietest and most ingenious of crimes. This enclosure, therefore 
is necessary to keep the workers from getting materials without proper 
authority and to assure that all materials leaving the stores are accounted 
for. 


Storekeeper. A responsible storekeeper, one who is absolutely reli- 
able and of good character, should be chosen to operate the storeroom. 
Because the company's investment in materials is turned over to him for 
safekeeping he should be bonded, like the bank teller, to protect the com¬ 
pany in case of dishonesty on his part. 

Receipt and Issuance of Material. A rigid routine for the accep 
tance of materials must be enforced. All materials should be counted by 
the storekeeper prior to his acceptance. This counting reveals shoruges 
that may have occurred between the time the goods were received in the 
plant and their delivery to stores. Likewise, materials should be issued 
only upon receipt of a properly authorized withdrawal form. 

Adequate Records. In any inventory control system, a record of some 
type is required to show the total amount on hand of each item main¬ 
tained in the storeroom. In addition, an effective inventory control system 
must also incorporate a paper control to check on the storekeeper to 
make certain he is following the prescribed routine. These requirements 
are often met by a balance-of-stores ledger maintained by a person who 
is not under the supervision of the storekeeper. A properly maintained 
stores ledger reflects the physical balance of material in stores, and may 
show the dollar total. 


Eliminate Obsolete Items. Some provision should also be made in 
a material control system to elimina^ obsolete and slow moving items. 
Such items are nonproductive goods which occupy valuable space; con¬ 
sume time in handling, protecting, inventorying, and record keeping; and 
tie up extra sums of capital that might be more profitably invested. Such 

* See Irwin Ross. ‘‘Thieve ry in the Plant / *,fortune (October 1961), pp. 140 ff., and 
‘‘The Quiet Thieves," Theheader's Lhgest (Nfa\ r ~W60). pp. 167-72. 
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the deadwood of the storerooms. Their retention cannot be 

items are 

/When an industrial organization has met the above specific prerequi- 


/ vvncw — — . ... . .... * r . i— 

r as we ii as those or simplification, specialization, and standardization 

H -—--—omnnH wArV K>ip r 


rTchapterjpthe essential ground work has been established for 
“ egecUV r- in ^ntofy control system. 


ORGANIZATION 

In continuous manufacturing, inventory control is usually part of pro¬ 
duction control because of the necessity for maintaining a flow of ma¬ 
terials needed for the efficient and continuous operation of the production 
line. In intermittent manufacturing, however, the need for a steady flow 
of materials is not so urgent and inventory control may be the responsi¬ 
bility of the plant manager, superintendent of production, purchasing 
agent, or a similar person, depending on plant size and organization. In 
larger intermittent plants, the inventory control group is most often found 
reporting to someone in the production organization. In smaller plants, 
however, it is not uncommon for the purchasing agent to be responsible 
for purchasing as well as maintaining an adequate supply of material. 


INVENTORY CONTROL 
RECORDS 


A high degree of inventory control is expensive to achieve and requires 
an elaborate set of records and forms. Of course, systems with less con¬ 
trol require fewer records and less money to operate. Adequate records. 
h owever, an* the heart of anv effective control system . 

No one system of inventory control is satisfactory for every need; in¬ 
stead, inventory control systems are usually developed to meet the re¬ 
quirements of a specific business. In every system of control, however, 
many records and forms are identical or similar. In all, there are about 
twenty-eight types of forms and records commonly found in use today, 
namely: 


1. Procurement forms I 

Purchase requisition 
Qk. Production order requisition 
p., *|nter-works order 

2. Receiving and inspection forms | 

a R **r**ivi rur rpnnrt t 


». Receiving report 

! . Deliver-to-sjores form 
. Inspection report 


L 

J 
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d. Materials-received-from-raanufacturing orders form 

e. Identification tag 

3. Stores and control forms 

a. Storeroom index 

b. Bin tag 

c. Stores record card 

d. Material requisition forms 

e. Signature and authorization card 

f. Material return slip 

g. Balance-of-stores form 

h. Material reservation sheet 

i. Material transfer and diversion tickets 

j. Material shortage slip 

k. Rush or priority form 

l. Notice-of-danger-point card 

m. Order-to-stock form 

n. Verification slip 

o. Stores count report 

p. Inventory tag 

q. Notice of receipt of special materials 

r. Special materials withdrawal slip 

s. Combinations of the above 

t. Control account 

Not all of the above are used by every company; however, their use 
among manufacturing concerns is fairly general today. By far the most 
important in the above list are (1) the purchase requisition, (2) the re¬ 
ceiving report, (3) the balance-of-stores record, (4) the material requisition 
form, and (5) the control account. Because of their critical importance in 
maintaining adequate control over materials, each of these forms will be 
discussed briefly. 

Purchase Requisition. Purchase requisitions are requests from the 
stock record clerk to the purchasing agent, requesting him to buy the 
quantity and type of material specified on the requisition. They are issued 
to secure an initial supply of an item or to replenish the stock when the 
balance on hand of an item carried in inventory reaches a predetermined 
low. Technically, a purchase requisition serves as the authority for the 
purchasing agent to contract to buy a specified quantity and kind of ma¬ 
terial. This form is usually executed in triplicate by the stores record 
clerk. The original copy goes to the purchasing agent to authorize his 
buying the material; the second copy is used by the purchase service sec¬ 
tion for tracing and follow-up; and the third copy remains with the order 
clerk as his record to show that he has requisitioned the material. 

Receiving Report. The purchase requisition, as we have seen, is 
one of the more important forms used by the stores in the process of 
replenishing the stock of material. The receiving report, too, is important 
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copy of it informs the storekeeper of the receipt of the material 

.1 • f .U « mAfari'il ir ramiirA/l (<%> J!.. « 


e a copy . . • . - 1 -- —«**.»*« 

plant. Thus, if the material is required for immediate use, he may 

rush or priority request to have the material immediately inspected. 


because 

in the 

is followed. 

° IJ on receipt of the material in the storeroom, the copy of the receiving 
on accompanying the material identifies the material and if stamped 
•‘OK" by inspection certifies that it meets the standard specifications. 
Thus the storekeeper is assured of a replenishment of material similar 
lo that stocked. 


Balance-of-stores Form. The balance-of-stores form is the essential 
record concerned with the control of inventory. If only one record could 
be maintained by a company, this record should be the balance of-stores 
form Without question this form is the heart of a well-organized inven¬ 
tory control system and provides information for both the operating plant 
and the accounting department. The form goes under a variety of names: 
perpetual inventory card, stock record card, stores ledger sheet, balance- 
of-stores form, stores balance sheet, and material ledger sheet. Regardless 
of what it is called, however, its practically universal use implies a wide 
knowledge of its application and usefulness. 

More than any other one form, perhaps, the balance-of-stores card en¬ 
ables management to reach the objective of having the right material, at 
the right time, in the right place—all at minimum investment. 

This form helps the production manager meet the required delivery 
schedules. It supplies the only logical and practical system of eliminating 

_or at least minimizing—errors or omissions in securing materials for 

stock. It guards against the overstocking of certain items, thereby mini¬ 
mizing investment, taxes, space requirements, and the like. In conjunc¬ 
tion with the physical inventory, it serves as a check on the honesty and 
efficiency of the storekeeper. The information appearing on any balance- 
of-stores card will vary with industries and their needs; however, the 
minimum data usually found on such forms are: 


1. A complete description of the material. 

2. The amount of material on hand, on order, and allocated for produc¬ 
tion. 

3. The amount of material that should be purchased when the time comes 
to issue a new order. 

4. The unit price of the material. 

5. The quantity used during given periods. 

6. The value of the inventory on hand. 

In addition to the above, some stores ledgers show size and weight of 
material, the part number, the unit of measure, maximum and minimum 
limits, replacement period, stores location, what product or products the 
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material is used on, and the reorder point. Just how many of the abov 
items should be included on this form is governed to a considerable de ° 
by the character of the business, desired results, and expediency. ^ 
Perhaps the most elementary form is the four-column card shown in 
Figure 27.1. Although in some very simple applications this form 


may 


NAMF 

PART NUMBEI 

*• 

LOCATION. 

SOURCE: 

OR 

DERED 

RE( 

:eived 

ISSUED 

ISSUED 

Date 

Amount 

Date 

Amount 

Date 

Amount 

Date 

Amount 










Figure 27.1. A simple balance-of-etores card. 


have merit, the information available from it is meager. At the other end 
of the scale is a very complete form illustrated by Figure 27.2. One of the 
outstanding features of this form is the allocation column which pro¬ 
vides for the reservation of material prior to the issuance of the material 
from the stores. With this allocation column, the amount of material 
on hand is not the amount available for new orders. Instead, the amount 
on hand, plus any amount outstanding on orders, less the quantity re¬ 
served or allocated, equals the amount available for new orders. The 
apportionment feature, therefore, is similar to reserving or setting aside 
$85 from your pay on the first of the month to pay an insurance premium 
due on the twenty-second. Thus, if your pay were $500 you would actually 
have $500 on hand, but would only have $415 available for spending, 
inasmuch as you have allocated or set aside $85. Assume that before you 
pay your premium on the twenty-second that you have in actual cash 
$215. This means that you would have available to spend only $130. 
(The cash of $215 minus the $85 due.) After you paid your premium, you 
would still have $130 available to spend. 

In similar fashion, on a balance-of-stores card, if material has been 
previously allocated, its issuance will have no effect on the balance avail¬ 
able. The actual amount on hand, of course, seldom agrees with the bal¬ 
ance available for allocation to new orders because the actual amount 
on hand is increased by receipt of material whereas the balance available 
for allocation is increased by the issuance of a new purchase requisition. 
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Figure 27.2. A more comprehensive stores record card with a column for material allo¬ 
cation. From Gordon B. Carson, ed., Production Handbook 2nd ed. (New York: The 
Ronald Press Company, 1938.) 
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Thus if * e border point is used with this card, a purchase requisition 
f "ew material is issued when the balance available reaches the reorder 

10 - ,_not when the actual amount on hand reaches the reorder point. 

P °From an accounting or balance standpoint, the card is in balance when 
. amount on order, plus the amount on hand, equals the amount alio- 

ced plus lhe amount avaiIabIe for new orders. 

Ca Whether a form with or without the apportionment principle should 
be utilized by a company depends largely on the uniformity of rate of 
consumption. If the consumption rate is not subject to relatively wide 
fluctuations from time to time and if future consumption can be fairly well 
estimated by past usage, a stores ledger without the apportionment fea¬ 
ture is suitable. This is true because usage is constant and the apportion¬ 
ment feature is not required to maintain an adequate stock of material. 
It can be used, of course, but the extra clerical work involved is not worth 
it. Conversely, if relatively wide fluctuations are characteristic of the con¬ 
sumption rate, and past usage is no indication of future requirements, 
then the form with the allocation column is preferred in order to main¬ 
tain an adequate stock of material. Thus, in job order plants where usage 
might tend to be erratic the card with the apportionment feature is de¬ 
sirable. In plants manufacturing at a constant rate for stock or a pre¬ 
determined schedule, the form without the allocation column may be 

preferred. 

The actual physical form of this record may be adapted to suit indi¬ 
vidual needs and tastes. The records may be kept bound in books—ledger 
style; they may be printed on cards and kept in boxes or tubs; or they 
may be designed to fit innumerable filing systems such as Kardex, Wheel- 
dex (rotary drum), visible index, and the like. 

A well-recognized rule of management is that in all transactions affect¬ 
ing materials, two persons should be involved. One person should handle 
the material and the other should keep the records. The reason for this 
is to eliminate, or at least minimize, theft and fraud except through col¬ 
lusion. In line with this rule, the balance-of-stores card should be main¬ 
tained by the balance-of-stores record clerk and not the storekeeper. 


Materials Requisition Form. The materials requisition form autho¬ 
rizes the issuance by the storekeeper of a specified quantity of material to 
a designated person for use in the manufacture of a specific order. For 
some companies, this form is similar to Figure 27.4. Some companies, 
however, use either a properly authorized stock list, a summary of ma¬ 
terials, or a bill of materials. In each of these cases, one or many items can 
be issued on the authority of the particular form used. Regardless of its 
physical characteristics, however, the materials requisition form is one of 
the more important forms used in inventory control. The form can be 
regarded as currency for use in purchasing materials from the storeroom. 
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Figure 27.4. Material withdrawal slip. 


If a regular production control system is functioning, the materials 
requisition form may be executed by one of the production control clerks 
with a copy forwarded to the stores record clerk for apportionment on 
the balance-of-stores card. The original copy may be forwarded to either 
the dispatch clerk or foreman in charge of the job, who later sends the 
form to the storekeeper to have the material gathered and delivered to 
the designated place on a specified date. 

If a production control system is not operating, either the foreman or 
the department head makes out the materials requisition form whenever 
materials are required by the shop. This procedure, however, does not 
allow the same degree of control as the production control system dis¬ 
cussed above because a production control clerk in preparing this form 
would allow the shop only the quantity of material indicated on the en¬ 
gineering specifications. The foreman, on the other hand, might increase 
the quantity to allow himself an additional margin for shrinkage or even 
personal use. This abuse may be controlled to a certain extent by autho¬ 
rizing only one or at the most two management men in each division to 
validate withdrawal forms. 

Under continuous production, a schedule is often set indicating that 
certain quantities of material will be delivered each day to individual de¬ 
partments. A copy of this schedule, instead of a materials requisition 
form, may be used by stores and accounting as their authority to issue 
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Old charge 


materials to specified departments and jobs. This schedule is 


d to be in effect until amended or superseded by another schedule. 
aSSU ? e r the material has been issued, one copy of the form is forwarded 
h record clerk for proper entry on the perpetual inventory (balance- 
t0 ^ s ) cards; and one copy is forwarded to accounting for proper 
° f Sl °es against the specified production order or department. One copy 
^dfe form, of course, accompanies the material to serve as identification 
and indicate destination. 

Control account. Although not generally thought of as a specific 
the materials control account maintained in the general ledger by 
^"accounting department is essential to an effective control system. All 
' C chases are charged to this account and all issuances are credited to it. 
The dollar balance, therefore, should equal the sum of the dollar balances 
derived from the perpetual inventory card. Differences between the gen- 
ral ledger control account balance and the sum of the balances on the 
Perpetual inventory cards may be investigated. These investigations 
Should uncover the reasons for differences and nonagreement. Here, again, 
• another example of a system of checks and balances required by any 
effective inventory control system. 

This account, however, represents more than a mere summary. Vari¬ 
ous operating ratios such as the ratio of investment to sales, investment to 
work in process, and investment to production are extremely valuable to 
management in determining current inventory policies and instigating 
new control procedures. This account quickly provides the investment 
information necessary to ascertain these ratios as well as trends and rates 
of turnover. 


INTERACTION OF FORMS 

Different companies use many different forms to cover the functions in¬ 
dicated above. In each instance, however, it is not the form itself but 
the aid that it lends to control that is of value. Each form is designed 
to supply information to aid in inventory control. 

The four types of forms discussed above, however, are the more critical 
in any inventory control system. The balance-of-stores ledger shows stock 
on hand and signals the need for replacement. The purchase requisition 
authorizes the purchasing agent to buy the material called for on the 
balance-of-stores card. The receiving report with an inspector’s “OK” 
certifies the quality of the material and indicates count. Finally, the requi¬ 
sition form serves as the storekeeper's authority to issue the item to a shop 
organization. 

These four forms, more than any others, enable management to reach 
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the objective of maintaining the correct amount and quality of mat • 
on hand with a minimum investment. Other forms, of course, aid * 
varying degrees. Figure 27.5 illustrates schematically how some of tU 
previously listed forms interact for effective inventory control. 


TO VENDOR 



MAINTAINING A SUPPLY 
OF MATERIAL 

As stocks of materials are used they must be replaced. The problem in¬ 
volved in replenishment is not one of physically getting the materials, 
but is one of determining when materials should be ordered and how 
much should be bought. Although there is no simple solution to either of 
these problems, the establishment of quantity standards helps in many 
cases. 

Quantity StandarM^ yThere are four important quantity standards: 
(1) the maximum, (2) tltt minimum, (3) the standard order, and (4) the 
reorder point. Each of these four quantity standards, illustrated by Figure 
27.6, is shown on the perpetual inventory (balance-of-stores) cards and is 
used as an aid in exercising control over inventory balances. 
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Procurement 

interval 

TIME 


Figure 27.6. The four quantity standards. 


The reorder point indicates when to order. It prevents the exhaustion 
of material. Thus, if a reorder point of. say. 150 has been set, a new order 
will be issued when the quantity on hand reaches 150, or when the quan¬ 
tity available reaches 150 if the apportionment feature is used. 

The standard order shows how much to order. It indicates the most 
economical purchase lot size. When the reorder point is reached a pur¬ 
chase requisition is issued for the standard order amount. 

The maximum , as would be supposed, represents the upper limit of the 
inventory. No quantity of materials will be purchased, ordinarily, that 
will cause the stock condition to rise above the maximum quantity. Some 
companies attempt to control maximum inventory by establishing specific 
dollar limits for the investment in certain materials. Although not too 
practical for individual items, this technique may be useful as a device to 
determine the maximum investment for certain classes of items. The 
purpose of establishing a maximum inventory is to prevent acquiring too 
much material and thereby needlessly tying up storage space and capital. 
A maximum inventory also aids in the determination of how much storage 
space to allocate for materials. We should recognize, however, that under 
such circumstances as an impending scarcity or an expected large increase 
in material cost, it might not prove wise to adhere strictly to the maximum 
quantity. 

The minimum, on the other hand, is the lower limit of the inventory. 
The minimum acts as a margin of safety. Its cost of maintenance may 
be regarded as insurance against depletion of stock. 

If we carefully determine these quantity standards and indicate them 
on the balance-of-stores card, the maintenance of a sufficient stock of many 
items will be taken care of automatically. Thus, when the reorder point 
is reached, a purchase requisition for the standard quantity will be issued 
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by the order clerk. Once quantity standards have been set, however, they 
should be reviewed periodically and reestablished where changes in ma¬ 
terial usage, availability, and price make it necessary. 

Perhaps an illustration will best serve to clarify these four quantity 
standards. Let us assume that the Newhill Company uses brass rods one 
inch in diameter and eight feet long in their manufacturing process. The 
rods cost $1.00 each, and the total expense involved in purchasing and 
receiving them is $10.00 per order. An interest rate of 10 percent is charged 
on capital investment. This includes 6 percent interest return, 2 percent 
for taxes, and 2 percent for insurance. 

An examination of the purchase requisitions and receiving reports 
reveals that the average replacement time for these brass rods is 15 days 
By checking the balance-of-stores or perpetual inventory card, it is found 
that their past average usage was 10 pieces per day, that the minimum 
usage has not fallen below 75 pieces for any one 15-day period (the re¬ 
placement interval), and that the maximum usage for any one 15-day 
period has not exceeded 200 pieces. Let us use this last figure of 200 
plus a safety factor of, say, 25 percent as our reorder point of 250. The 


minimum is determined as follows: 

Reorder point. 250 

Less the daily average requirements during replacement period 
(15 X 10 pcs. per day). 150 

Minimum . 100 

And the maximum, likewise, is easily figured by: 

Reorder point. 250 

Less minimum consumption during replacement period. 75 

Maximum balance on hand when the new order is received. 175 

Plus amount of material received on new order (standard order) 800 

Maximum . 975 


Standard Order. The method of calculating the standard quantity 
that should be purchased was not mentioned above. Determining the 
standard order is not a matter of ascertaining that quantity at which the 
vendor quotes the lowest unit price. Other factors such as purchasing 
cost, carrying charges, and storage costs must be considered. The standard 
order, also known as the economical purchase lot size, is that quantity 
at which the unit cost is at a minimum, all factors considered. This cost 
is the total unit cost to the enterprise at the time the material is issued 
from the storeroom and not the unit cost on the date the material is pur¬ 
chased. Let us look at some of the charges and costs that must be con¬ 
sidered in determining the standard order. 

Obviously it would cost no more in terms of purchasing costs (placing 
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order, typing the order, and so on) to purchase 1,000 brass rods than 
•would to purchase 100. In addition, as the quantity purchased increases, 
Vht per pi^e may decrease (L.C.L. shipments cost more than a full 
) and a quantity discount may be offered. In view of this, the total 
rchase cost per piece will decrease as the quantity purchased is in- 
P cased. Curve X in Figure 27.7 illustrates this graphically. 
a< On the other hand, the carrying charges and storage costs increase as 
the quantity purchased increases. This increase results because more space 
required and the material is retained in the stores for a longer period of 
time before being used (see Curve Y, Figure 27.7). 



QUANTITY 


Figure 27.7. Chart showing 
changes in unit cost as purchase 
lot size increases. 


If these two curves in Figure 27.7 are combined, a curve similar to C 
will result. From this curve, we can see that the most economical quantity 
to purchase would be that quantity under the lowest point (Point A ) on 
the Curve C. This would indicate that Quantity Q should be purchased 
at Price P. 

Quantity Q can be determined either empirically or by formula. Table 
27.1 illustrates the empirical or tabular approach. 

We can see from column 6 (a combination of columns 3 and 5) that a 
standard order of approximately 800 offers the lowest total cost. Note 
that the purchasing costs, column 3, decrease as the quantity ordered in¬ 
creases; also, that the carrying charges, column 5, increase as the quantity 
purchased increases. 

The standard order, or Quantity Q, can also be determined by formula. 
Many formulas have been devised to aid in calculating an economic lot 
size. Perhaps one of the best known is the formula originally presented 
by Mr. F. W. Harris in 1915. Using the symbols we used in Table 27.1, 
the formula often takes the following form: 
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Substituting our data for the Newhill Company in this formula yields: 

n = / 2 (3650) ($10) 

v (Si) Q Q%) 

Q = V730.000 
Q= 854 


Th above formula is sometimes expressed using a monthly 
ThC instead of an annual one. If we wish to use monthly 
fibres the formula will read: 


(24) (monthly usage) (S) 
Cl 


S=V 

1 (24) (304) (10) 

u-yj ($i) (i o%) 

Q = V729.600 
Q = 854 


consumption 

consumption 


Both the empirical and the formula approach yield approximately the 
same answer, that is, a standard order of about 800 or 900. Although the 
empirical approach is time consuming, it has the advantage over the for¬ 
mula of proving that additional costs will be incurred when amounts vary¬ 
ing too far from the standard quantity are purchased. 


Limitations on the Use of the Economical Purchase Lot Size For¬ 
mula. The economic lot formula should gTeatly assist in establishing a 
purchase lot size that is based on facts, not guesswork, and should aid in 
eliminating haphazard purchasing. It is especially useful in determining 
standard purchase orders for expensive material. We should remember, 
however, that the accuracy of the formula depends on the accuracy of the 
data used in it. The formula is intended to aid in arriving at a sound and 
logical standard order quantity. By no stretch of the imagination, how¬ 
ever, can the formula be substituted for experience and common sense. 
An expected price rise, for example, might call for purchasing a quantity 
in excess of the standard amount. 


QUANTITY DISCOUNTS 

Sometimes materials are priced at a certain figure for a few items but with 
a reduced price for quantity purchases. A bunk bed, for example, may 
cost $40 each plus $3 transportation costs when purchased in small quan¬ 
tities (less than a carload). However, if a carload of beds (eighty) is pur¬ 
chased the manufacturer absorbs the freight, in effect reducing the price 
by $3.00. Assuming that we normally order ten beds at a time, the ques¬ 
tion arises as to how many we would need to use (sell) a month to justify 
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the larger purchase. This quantity can be easily determined using the 

following formula: 


Minimum Monthly Usage = 


(I + S) (added order cost) 
(24) (unit cost saving) 


where S is equal to a safety factor, and I is the percentage figure including 
interest, obsolescence, insurance, etc. Let us assume an I of 20 percent and 
a safety factor of 10 percent. Substituting in the formula, we have: 


MMU = 

MMU 
MMU 


(.20 + .10) (80 x $40 - 10 x $40) 


(24) ($3) 

.30 ($3200 - $400) 
$72 
11.6 or 12 


This tells us that we need to use about twelve a month to justify the car¬ 
load lot of eighty beds. As you can see from the formula, what we are 
doing is finding a cutover or breakeven quantity by dividing the added 
cost by the amount saved. 


COMPUTERIZED CONTROL 

As you may have guessed, inventory control offers a rich field for com¬ 
puter adaptation to practically any standard system. By transferring cleri¬ 
cal operations and calculations to a computer, for example, the A. C. 
Spark Plug Division of General Motors reduced its inactive stock items 
from 20 percent to 0.5 percent, cut shortages in half, increased its delivery 
performance to 90 percent, and saved on indirect labor. 

While there are refinements, the essentials of a computerized inventory 
control system are that a master prepunched card is maintained in each 
storeroom, showing every part by name, number, location, and so on. 
Whenever a part is either received or disbursed from the room, the stock 
clerk inserts the master card into a transmitting unit and then indicates 
whether the part is being issued or received and the quantity. These data 
are transmitted instantly to the computer where an adjustment is made 
on the part's balance. Thus an instant inventory is available on every 
item. In similar fashion, the quantities ordered, allocated, and available 
for new issue may be coded into the computer so that a truly comprehen¬ 
sive record would be instantly available. 

Marathon Oil’s new inventory control system is typical of the newer 
installations. At a scheduled time each afternoon data from the Robinson, 
Detroit, and Texas City refineries are transmitted to company head¬ 
quarters in Findlay, Ohio, to be processed by the computer. By 8:15 the 
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xt morning reports are back to each refinery detailing exact inventory 
ic with an automatic reordering process assuring that minimum and 
££.u» stock levels are observed.* 


PHYSICAL INVENTORY 

a physical inventory is a control procedure used to assure that book bal¬ 
ances and actual physical balances are in agreement. Physical inventories 
may be taken periodically or continuously. In periodic inventories, busi¬ 
ness operations stop and a count is made of everything on hand. Periodic 
inventories are taken most frequently at the end of the calendar year. In 
continuous inventories, a few items are physically inventoried each day 
so that every item in stock is checked against the perpetual inventory card 
at least once a year. In both instances the stores count report, Figure 27.8, 
may be used and the appropriate records are adjusted to reflect this count. 



Figure 27.8. Physical inventory card. (Courtesy Gardner-Denver Co.) 


In continuous inventory, the accounting department usually prepares 
and forwards to the storekeeper each week a certain number of stores 
count reports, requesting the inventory of specific items. By placing the 
responsibility outside of stores as to which items will be inventoried and 
when they will be counted, another check is available on the storekeeper 
as well as the record clerk. Individually, these continuous inventories can 
be looked upon more or less as spot checks. Though all items are inven¬ 
toried once or more per year under this system, fast moving and high- 
value items can be checked at the discretion of the accounting department 
more often than the other items—thus effecting a tighter control. The 
actual physical count under continuous inventory is made by the regular 

2 Marathon World (Spring-Summer 1969), p. 11. 
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stores personnel during lulls in the issuance of materials or, if the store¬ 
room is large enough to warrant it, by one or two stock clerks permanently 
assigned this duty. The latter-seems preferable if size will permit it, inas¬ 
much as it gains a degree of work familiarity by specialization, and also 
prevents interruptions during inventory taking. 

Continuous inventory in conjunction with the use of the stores count 
report is advantageous from a control point of view. The inventory is 
not made under pressure and is, therefore, apt to be more carefully and 
accurately taken. Because it is continuous and repetitive, the balance 
shown on the perpetual inventory card is more frequently checked against 
physical inventory than under the periodic method. This frequency of 
count serves to make for a more nearly accurate perpetual inventory 
record and prevents the perpetuation of errors. In addition to these ad¬ 
vantages, recognized accounting principles allow the use of inventory 
data taken from a perpetual inventory card maintained by a system of 
continuous inventory to be used for both balance sheets and tax purposes. 

Because the greater part of the effectiveness of an inventory control 
system depends upon the accuracy of the perpetual inventory card, a 
physical inventory should be made as often as it is economically feasible. 
A system of control is no better than the accuracy of its records, and inac¬ 
curate records are worse than no records at all. 


THE "ABC" CONTROL 
POLICY 

Controlling inventory costs money. The paper work involved as well as 
personnel, procedures, checks and balances, inventories, and the like are 
expensive. Many companies through the use of a rigidly uniform material 
control policy are employing the same precise measures to control both 
their low-value items and their high-value items. This is often not eco¬ 
nomical By analyzing their inventories, some companies have found that^. 
a relatively small percentage of the parts stored make up the bulk of the 
dollar investment and that controlling both high- and low-priced items 
in a uniform manner is excessively expensive. Instead, they have found 
it more economical to purchase a large supply of low-cost items and main¬ 
tain little control over them. Conversely, they have found it more eco¬ 
nomical to purchase small quantities of the expensive items and maintain 
a tight control over them. As an example of the former, the Pomona Divi¬ 
sion of General Dynamics has low-cost items delivered to the assembly 
area instead of to the storeroom, thereby saving $22,000 yearly in handling 
costs. 

The Ford Motor Company, for example, has found that its most ex¬ 
pensive or “A” parts constitute only 9 percent of its total number of 
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but account for 57 percent of the inventory value; Ford s next 
P 3 * /expensive or “B" items make up 10 percent of the total number of 

* * b u t account for 18 percent of the inventory value; its “C” items 
par ’nt for 20 percent by number, and 15 percent by value; whereas its 
Jl.. it ems constitute 61 percent by number but represent only 10 percent 

• value. A similar analysis made by the General Electric Corporation 
Sealed similar cost-volume relationships. The action taken by both 

concerns was to stringently control the "A” or high-priced items, main¬ 
taining only a short supply. The low-priced items, on the other hand, 
were given less attention and a larger quantity maintained. Ford, for 
example, maintains a two days' supply in the manufacturing plant of 
-A" items; a five days' supply of "B" items; a ten days' supply of *'C" 
items; and a twenty or more days' supply of "D” items. 

These two illustrations do not represent isolated experiences but are 
similar to those found in many companies. To achieve an economical 
and effective inventory control, the obvious conclusion is that a firm 
should analyze its inventory, group the items according to their costs into 
„ A .. B » •*c,” and “D” categories, and establish control procedures ap¬ 
propriate to the valuation of each group. Thus, the most expensive or 
-A" items would be rigidly controlled, whereas the least costly or “D” 
items would be loosely controlled. 

Regardless of the type inventory control system used, however, it should 
be both flexible and relatively inexpensive, and should not to any appre¬ 
ciable extent retard, impede, or check the productive efforts of the firm. 

\ I RESULTS OF GOOD 
INVENTORY CONTROL 

\ 

An inventory control routine logically established and applied, employing 
competent personnel, and utilizing where applicable the forms and tech¬ 
niques previously discussed, should achieve several major objectives: 

1. The costs of carrying the inventory should be reduced, thus freeing 
‘ capital for more productive uses. 

2. Needed materials will be maintained in sufficient quantities to meet 
production requirements. 

3. Stockouts and downtime resulting from them should be minimized. 

4. Materials are purchased at minimum costs, considering quantity dis¬ 
counts and usage, thereby reducing investment to a minimum. 

5. Assure that the materials received are in accordance with the pur¬ 
chase order specifications. 

6. Minimize loss from theft, damage, design change, deterioration, and 
excessive inventory. 

7. Assure a proper statement of company profits through accurately stat¬ 
ing inventory. 
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8. Improve service to the customer. 

9. Reduce manufacturing costs by better utilization of personnel and 
equipment. 

10. Provide a record of material receipts and disbursements. 


STUDY QUESTIONS' 


What is the objective of inventory control? What type of costs have to 
be considered in controlling inventory? 

2. Explain the basic prerequisites for an inventory control system. 

3. Why is a balance-of-stores card the •'heart'' of an effective inventory control 
system? 

—-—4. Which are the four most important forms used in inventory control? 

5. How does a purchase requisition differ from a purchase order? 

6. How does the control account help in controlling materials inventory? 

^7. Define reorder point, standard order, maximum, and minimum quantities. 

Of what value is each in controlling inventory? - 
8. How much faith should be placed in economic purchase lot sizes? What are 
their limitations? When should they be used? 

^^9. Explain the "ABC” control policy. 


^^10. If well planned and administered, what should be the results of a good inven- 
^ tory control system? 
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PRODUCTION 


CONTROL 



Production control is not used solely by industry. The basic 
functions of planning, routing, scheduling, loading, and 
follow-up are found almost universally wherever work is 
done. In preparing a meal in the home, for example, the 
various parts or components must be planned and sched¬ 
uled so that the final product, in this instance the meal, can 
be assembled or served on time. As the parts are manufac¬ 
tured or cooked, checks and follow-ups must be made of 
their progress and changes instituted, perhaps more heat is 
applied where the part is not progressing in accordance with 
the original schedule. 

Other instances of production control can be found in 
public transportation systems. Every common carrier, Tor 
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example, is highly dependent for its efficient operation on the effect* 
use of the functions of production control. In fact, one has diffi 7* 
visualizing a train, airliner, or steamship operating without the benefi t 
of scheduling and control. 

In a manufacturing enterprise, the application of and the need f 0 
production control procedures is even more apparent because of the 
centration of people and activities. The problem of getting the purchas 
agents, the engineers, the accountants, and the shop personnel workin^ 
together as a coordinated team to produce a product economically contiif 
ually faces the manager. In fact, unless the activities of these departments 
are closely coordinated, manufacturing will not be achieved with either 
dispatch or efficiency. Coordinating these men and materials and machines 
is the task of production control. 


Production control paces and supervises the flow of work through a 
plant so that work progresses in a systematic fashion from department 
to department without delay and with minimum interruptions. Thus 
through the actions of the production control organization, a customer’s 
order is translated into a manufactured product. This overall coordina¬ 
tion of plant activities with its resulting economies is what makes the 
production control department of real importance to a manufacturing 
concern. ^ 


ORIGIN OF PRODUCTION 
CONTROL 

• 

All companies, irrespective of size, use production control to some degree. 
In large complex industries the production control department may be 
well organized and highly specialized, whereas in small companies the 
production control function may be performed by one person. In small 
companies, for example, the plant manager may keep all the information 
needed to produce a product in his head. Because his business is small 
he knows his men and knows how much work is in the shop; he under¬ 
stands the machines and their capacities and knows how much material 
is on hand; and he understands the technical aspects of manufacturing 
the customer s product. Knowing all this, he may give verbal directions 
to his men, buy the extra material needed to make the product, and direct 
its manufacture. If the customer were to call and request a change in the 
design of his product, the manager would know if the changes could be 
effected; if a machine broke down, he would know how to shift the work 
to other machines so that a minimum delay would be experienced. In 
short, in a small plant the owner or manager might maintain such a close 
personal control over all the plant facilities that he could accept orders, 
plan their manufacture, make commitments to customers, and deliver 
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roducis by the required dates. In doing these things the manager 
^uld be performing the production control function: he would be co- 
W< *T at j n g the facilities of his plant. It is also probable that he would do 
this production control in an effective and economical manner because 
0 f the small size. . 

With an increase in plant size, however, the problems of management 
ould take more of the owner’s time and he might be physically unable 
keep track of all the other aspects of plant operations. He might, 
therefore, hire a shop foreman, a purchasing agent, an accountant, and 
an engineer to help. With these additional departments resulting from an 
reanizational growth, the problem arises of communicating their progress 
and coordinating their actions. In order to quote a promise of delivery 
to a customer, the plant manager must know the status of the work already 
in the shop—that is, how much work has already been contracted for, 
and when it is scheduled to be manufactured and delivered. If the man¬ 
ager did not have this information available, his promises to customers 
would be based on estimates, and his decisions on running the plant would 
not be made on a sound basis. Under these conditions the operation of 
ihe plant would be weakened. Errors, late deliveries, and uneconomical 
operations would probably result. To correct these and similar situations, 
many managers set up a production control department and charge it 
with the responsibility of knowing the status of all orders in the plant 
and coordinating all aspects of their manufacture from the time the orders 
are received until final shipment takes place to the customer. This respon¬ 
sibility is the function of production control. 


EFFECTS OF PRODUCTION 
CONTROL 

The contribution of production control to the efficient operation of a 
plant is evidenced in many ways. It provides management with the in¬ 
formation necessary to plan and schedule work in the plant so that mini¬ 
mum expense and optimum efficiency can be achieved—both of which 
make for greater profits. In terms of manufacturing customers' orders, 
production control assures a more positive and accurate completion and 
delivery date. Delivering an order on time is obviously important to the 
customer and to the development of customer good will. 

Production control also brings plan and order to chaotic and haphazard 
manufacturing procedures. This not only increases the plant efficiency 
but also makes it a more pleasant place in which to work. Most people 
recognize that employees prefer to work and do better work under con¬ 
ditions of obvious control and plan. Morale may be considerably im¬ 
proved. Good production control also maintains working inventories at 
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a minimum, making possible a real saving in both labor and material 
investment. In these and other ways, production control helps a company 
operate and produce more efficiently and achieve lowest possible costs. 


ORGANIZATION OF 
PRODUCTION CONTROL 

Production control is a staff function and, therefore, has no direct line 
authority over the line organization. Production control may be found 
reporting to practically any level of management, depending upon the 
emphasis given it in particular plants. Usually, however, the production 
control department is on the same level as engineering, purchasing, and 
personnel. A well-organized production control department seldom re¬ 
ports to a person lower than a plant manager. 



Figure 28.1. Organization chart showing staff relationship of production control. 


To achieve its dual objective of control and coordination, production 
control, though a staff function, actually issues directives (through func¬ 
tional authority) to the various components of the plant indicating what 
they should do and when they should do it. Customers' orders, for ex¬ 
ample, are started and stopped in accordance with the directives from 
production control. This authority may be explained as the authority 
of “specialization" or “technical competence." Or it may be thought of 
as an extension of authority stemming from the plant manager. In the 
final analysis, of course, production control has no direct authority over 
the line and any order or directive issued by the production control group 
does not have to be carried out by an employee until he is told to do 
so by his superior. In actual practice, refusals to follow the plans and 
directives of production control are rare. 

Figure 28.1 illustrates a typical organizational arrangement for produc¬ 
tion control in a manufacturing plant. 
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DUTIES OF PRODUCTION 
CONTROL 

W e have seen above, production control is charged with the responsi- 
r 5 .. of coordinating the various facets of a plant in such a manner that 
6 ustomer’s order is economically manufactured. In meeting this objec¬ 
tive the following duties are often performed: 

I. Receive all incoming orders. 

9 Notify accounting of the receipt and acceptance of an order so that 
necessary accounts can be established. 

3. Secure the required engineering data necessary for the manufacture of 
the order. 

4. Determine all materials needed for the manufacture of the product. 

5 Determine all tools needed for the manufacture of the product. 

6 Issue directives for the purchase of outside materials. 

7 issue directives for the purchase (or manufacture) of the necessary tools. 

8 Maintain or control raw material storerooms. 

9. Determine the operations and the sequence of operations needed to 
make a product. 

10. Estimate the cost of manufacture. 

11. Determine when the various parts of a product will be made. 

12. Determine where the various parts of a product will be made. 

15. Schedule final assembly of the order. 

14. Make delivery promises on customers’ orders. 

15. Issue manufacturing orders to the shop. 

16. Issue the required material withdrawal slips. 

17. Control and direct the movement of materials through the shop. 

18. Keep records of plans and the progress of an order through the shop. 

19. Make changes in orders as requested by the customers. 

20. Authorize changes in scheduling or manufacturing procedures when 
original plans cannot be carried out. 

21. Keep management apprised of the status of all orders in the plant. 


TYPES OF MANUFACTURING 

For the sake of simplicity, manufacturing can be classified as either con¬ 
tinuous or intermittent. Continuous production is characterized by a rela¬ 
tively constant flow of a product and an extensive use of special purpose 
machines. Petroleum refining, cement manufacturing, flour milling, and 
cigarette manufacture are typical of continuous manufacturing operations. 
In its purest form only one product is made and this is manufactured in 
a continuous, uninterrupted fashion as it flows relatively constantly 
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through the plant. Layout in this type of manufacturing is usually on a 
product or flow basis. 

Intermittent manufacture, as its name implies, is characterized by an 
interrupted flow of material through a plant with general purpose rather 
than special purpose machines used. In intermittent manufacture, vari¬ 
ous products in differing quantities are manufactured at diverse intervals 
for many customers. Job lot shops are typical of this type of manufac¬ 
ture, as are automotive repair shops and machine shops. Layout in inter¬ 
mittent manufacture is usually on a process or departmental basis with 
all like machines in one location. 


PRODUCTION CONTROL 
IN INTERMITTENT 
MANUFACTURE 

To simplify an explanation of the functions of production control, the 
major steps normally taken by a production control department upon re¬ 
ceipt of an order from a customer will now be described and explained. 
These steps are those typically performed by the production control group 
in a large intermittent manufacturing concern, that is, one that operates 
on a job-lot basis. In a situation such as this, the identification of the 
material and labor used in the order is usually on the basis of the cus¬ 
tomer’s order number. In our illustration, therefore, all records pertaining 
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order will be marked with the order number; all expenses will be 
l ° ^ d to this order number; raw material will be purchased and charged 
order number; and work will proceed through the shop and will 
l ° dentified by this order number. When information is desired about the 
for the customer, it is requested on the basis of the customer’s 
AT number. Because all data are tied in with the order number, control 
Jiis type is known as order control* 


j^jcejpT of Order. All orders coming into a plant are initially re- 

• ve d by the production control department. Upon receipt of an order 
hut prior to manufacture many questions must be answered. We must 
know, for example, what material will be required to make the product. 
We roust know which tools and equipment will be necessary. We need 
l0 know how the product should be made and assembled, and what oper¬ 
ating specifications or inspection requirements will be required. These 
and similar questions are technical in nature and can best be answered 
by the engineering organization. Production control, therefore, initially 
sends a copy of the order to the engineering department requesting that 
an engineering analysis be made answering the questions that have come 

up. 

We must also know how much it costs us to make the product. The 
accounting department, therefore, is also notified of the receipt of the 
order so that they can set up the proper accounting records to record the 
time and materials charged to the order for proper job costing. 

Upon completion of their analysis, the engineering department usually 
returns the order along with their analysis to the production control de¬ 
partment. This analysis contains blueprints and specifications, a bill of 
materials, an operations sheet, and a tool analysis—all to help indicate 
how the product should be made. 

A bill of materials (Figure 28.3) is a listing of all the parts required 
to make the product. A bill of materials often includes a description of 
the part, the quantity required, where the part should be secured (whether 
it should be made or purchased), and similar data. 

An operations sheet (also called a route sheet) such as the one shown 
in Figure 28.4 indicates how the parts should be made, the material from 
which they should be made, the machines on which they should be made, 
the sequence of operations, and the time required to make them. Thus, 
the physical aspects of manufacture are indicated on the operations sheet 
by a list of all the operations needed to convert the raw material into the 
product, and an indication of the type of machine on which the work 
should be done. The operations sheet is sometimes known as an instruc¬ 
tion sheet, layout, specifications sheet, or operations layout. 

The operations sheet is the end product of a function known as routing. 

1 Many companies, of course, manufacture for stock and for customers* orders in 
one lot or batch, in which case it could be called "lot" control or "batch" control. 
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Strictly speaking, routing is an engineering function. In general, routing 
refers to the overall task of determining which type of machine a part 
will be made on, how it will be made, the sequence of operations, and 
any allowable alternative methods of manufacture. 

The tool analysis shows any special type of tools that must be made or 
bought to do the work set forth on the operations sheet. 
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From the bill of materials, the operations sheet, and the tool analysis 
the production control department can determine the parts that will be 
required to make the customer s product, the raw material which will be 
needed to make the parts, the types of machines on which the operations 
must be performed, the steps required to manufacture the parts, and any 
special equipment or tools needed. 

Now that we know the types of machines that are needed to make the 
part and the sequence in which various operations must be performed, 
our next problem is to determine when the required machines and depart¬ 
ments will be free from work and thus available to perform the necessary 
operauons. This function of checking available machine time and sched¬ 
uling new orders for that free time is known as loading and scheduling. 
Only after we determine the availability of free time for personnel and 
equipment can we schedule the order to be run and thus load the ma¬ 
chines and departments. 

Loading and Scheduling. Scheduling involves determining when 
work should start and how much work should be completed during a 
certain period of time. This is an important part of production control for 
it is here that the entire groundwork is laid for all subsequent steps. One 
of the first things we need to find out is how many hours it will take to 
manufacture each component part of the product and when these com¬ 
ponents will be needed in the manufacture or assembly of the final prod¬ 
uct This information can be secured from the operations sheets furnished 
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by the engineering department. Once we have this information, the over 
all required schedule can be seen more easily by constructing a schedule 
similar to the one shown in Figure 28.5. For example, it can be seen that 


SUBASSEMBLY 

X 


SUBASSEMBLY 

Y 


PRODUCT Z 


T-1-1-1-1-1-1-1-1 

23458789 10 

WEEKS 


Figure 28.5. Schematic sched¬ 
ule for production and u- 
sembly of a part. 


component A should be started three weeks before component B, and 
that both of these components wjll be required to make subassembly X at 
the beginning of the fifth week. Subassemblies X and Y are needed at 
the beginning of the seventh week so that product Z can be assembled 
and tested by the tenth week. The total elapsed time from beginning to 
completion of this order, therefore, is ten weeks. This schedule however 
does not indicate on which date manufacturing should start. Before a 
definite calendar date for this order can be established, the amount of 
work already scheduled in the shop must be checked and the open or 
free time must be determined for the various departments and machines. 
In other words, we must know how much work the shop already has on 
the books, or how much they are already committed to do, before a definite 
calendar schedule can be established for the new order. 

Various visual aids and techniques are used to determine how much 
work is already scheduled in the shop. The Produc-Trol board illustrated 
in Figure 28.6 is a typical one. It may be set up by hours of capacity 
across the top with department or type of machine listed vertically down 
the left side. As work is assigned to the department this fact is indicated 
by extending the line to the right of the department to the appropriate 
block indicating the total work load in hours. As work is completed the 
time required to complete the work is subtracted from this total. Thus, 
a glance at this device might reveal that the assembly department has a 
capacity of 800 hours per month and that 650 hours have already been 
scheduled for this month, leaving 150 hours of working time yet unas¬ 
signed. Figure 28.7 illustrates a load chart developed for various ma¬ 
chines. Note that it is set up on a weekly basis with 48 hours available 
on the turret lathe, 144 hours available for the three planers, and so on. 
The shaded area indicates the loaded or unavailable time. Later in this 
chapter we will discuss some mathematical and technical aids that can 


Firurc 284>. This Produc-«rol Board used by the City Lumber Company of Bridgeport, 
r!mn Kiv® oght vwual con ‘ ro1 OVCT shipments, inventories, and car iol sal« of 
various types of lumber. (Courtesy Wassell Organization , Inc.) 
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Figure 28.7. Machine load chart. 


be employed to help us in the loading and scheduling procedure. For the 
present, however, we are interested in getting the overall picture before 
getting involved in specific techniques. 

After the hours or time required for the various operations have been 
determined from the time standards on the operations sheets, an overall 
schedule can be established for the product. With this type of schedule 
showing time required and the load chart showing time or hours available, 
we are in a position, by fitting these two together, to determine a final 
calendar schedule for the assembly and delivery of the customer’s order. 
This final calendar or master schedule may take the form of Figure 28.8. 
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Once such a schedule has been made, production control often notifies the 
sales department of the expected delivery date, and sales in turn notifies 
the customer when he can expect delivery. 

So far in our discussion, the customer's order has been received, the 
necessary technical information has been secured from engineering, a 
manufacturing schedule has been determined, and the customer notified 
of the expected date of delivery. Because we know what is needed to 
make the product and when it is needed, we are now in a position either 
to make or purchase the necessary component parts. 

Securing Materials. Obviously the correct materials (both raw ma¬ 
terials and components parts) will have to be available for manufacture 
and assembly of the product. Some of these materials may be stocked 
by the concern in its storeroom, whereas some of them may have to be 
purchased from outside sources. Production control is responsible for 
seeing that action is taken in both cases so that materials will be in the 
shop and available when needed. 

The operation of the storeroom is often the responsibility of the pro¬ 
duction control department, but it may be the responsibility of either the 
purchasing or the production department. In either event, production 
control should notify the stock ledger clerk that the order has been re¬ 
ceived and that a certain quantity of material stocked in the storeroom 
will be required by a specified date for use in producing the product 
This information is most easily transmitted by sending a copy of the bill 
of materials to the ledger clerk showing the material required, quantity, 
and the date it will be needed. 

To procure materials from outride the company a copy of the bill of 
materials may also be sent to the ordering department (or purchasing 
department as the case may be) indicating which materials should be 
purchased from the outside, the quantity needed, and when they will be 
required. 

Up to this point, the order has been scheduled and provisions have 
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been made to have the right material on hand when needed. No authority 
as yet, has been given to the shop to manufacture the part. 

Manufacturing Orders. The various manufacturing and assembly 
departments in a plant normally do not perform work without an autho¬ 
red work order. The actual piece of paper from the production control 
department that authorizes the foreman to proceed with the manufacture 
of a specific part is known as the manufacturing order. This order usually 
shows the exact starting date and indicates when the material should be 
completed. In some plants this manufacturing authority is known as a 
s h op order, work order, factory release, job order, lot release, or factory 
order. Figure 28.9 illustrates the manufacturing order used by a large 



Figure 28.9. Manufacturing order for a job order shop. (Reprinted by permission from 
Manufacturing Control, copyright in 1949 in original notice by International Business 
Machines Corp.) 

job order shop. These orders are prepared by production control from 
the data received from the engineering department. 

Manufacturing orders may be issued to the departmental shop foreman 
in advance so that he can decide precisely when the work should be 
started so as to have it ready by the due date on the order. In this instance, 
the final scheduling function of production control is said to be decen¬ 
tralized. This is true because, although an overall delivery date was 
established for the order by production control, the final scheduling func¬ 
tion determining precisely when to process the order is performed by 
a shop foreman (or some other delegated person) and not by the pro¬ 
duction control organization. 

The manufacturing order may, however, be kept by the production 
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control department and issued to a particular machine operator on a 
specific date. If this is done, then final scheduling is centralized inasmuch 
as it is performed by the production control department rather than by the 
shop foreman. In this instance the final determination of when to manu¬ 
facture is performed by production control. 

The manufacturing order indicates that a certain amount of raw ma¬ 
terial should be drawn from the storeroom to start the manufacturing 
process. To keep control over raw material and make sure that only the 
necessary quantities ^re used, many companies have the production con¬ 
trol department issue the necessary paper work (materials withdrawal 
slips) to authorize the withdrawal of this raw material. With decentral¬ 
ized final scheduling, the materials withdrawal slips may be attached to 
the manufacturing order and used by the foreman to get the raw material 
from stores. Where centralized final scheduling is used, the material with¬ 
drawal slip may be dispatched in advance to the storeroom by the produc¬ 
tion control department so that the raw material will be delivered to the 
shop floor on the dates specified on the withdrawal slips. 

When centralized final scheduling is used, the manufacturing order is 
not sent to the foreman in advance because final scheduling is not his job. 
Some arrangement, however, must be made by production control to 
schedule the work for each individual machine as well as give the neces¬ 
sary manufacturing order to the machine operator involved. In addition, 
some provision must be made to have the raw material on the shop floor 
when it is needed to start the manufacture of the part. Performing these 
tasks is the function of dispatching. 

Dispatching. As we indicated previously, the original calendar sched¬ 
ule of orders can be made on a general basis indicating that a part must 
be completed by a certain department at a given time. The final schedule 
of this manufacturing order, however, consists of determining on which 
date and at what hour the work will commence on the designated ma¬ 
chine. As we have seen, this final scheduling in some plants is decen¬ 
tralized and is done by the foreman. In such cases, all the orders for his 
department are forwarded to him and he plans the final work schedule, 
makes sure that the raw material is withdrawn from the stores, and gives 
the operator the authority to proceed on the order. In other plants, this 
final scheduling phase is centralized and is done by production control. 
In these plants, the production control man who has this final scheduling 
duty is usually located out in the shop area where the work will be done 
and he is known as a dispatch clerk. 

The physical operation of handing a manufacturing order to a machine 
operator is known as dispatching because the order is “dispatched” to 
him. When an operator completes one manufacturing order and is ready 
to start work on another, he reports to the dispatch clerk and indicates he 
has completed the previous order. As a matter of record he usually gives 
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tch clerk a stub from or a copy of the completed manufacturing 
the d* 5 ?* dispatch clerk then selects a new manufacturing order and 
order-' ° ^ operator to start work on. The very act of determining 
gi ves 11 j er to give to the machine operator is in itself a final scheduling 
w hich or j unction Dispatching, therefore, has the major function of 
^ d Ioa King the final manufacturing schedule and work load for orders in 
CStabUS and the minor duty of physically dispatching the manufacturing 
a sh ° P ' much as the dispatch clerk knows the status of work on the 
0rd V es he can plan the sequence in which the work will be performed 
^hse machines, as well as have the raw material on hand when re- 
00 1 d bv sending the material withdrawal slips to the storerooms in 
q “‘?nce of the starting date. 

2 R cause the dispatch clerk is physically located in the shop and knows 
e wor k is progressing and when certain parts will be completed, he is 
h0V ffect the eyes and ears of the production control department. In carry- 
• nC 0 ut this duty, verbal or written progress reports indicating the status 
'^various manufacturing orders in the shop are often furnished the cen- 
° ^production control group by the dispatcher. The dispatch clerk is 
^ important person in a good system of production control. He knows 
b^th machines and operators—their capacities and weaknesses—and the 
success of many manufacturing schedules depends on how well he allocates 
and reallocates orders among the many possible manufacturing alterna- 


Materials Movement. In some plants the production control depart¬ 
ment is charged with the responsibility of keeping the partially processed 
materials moving from machine to machine or from production center to 
production center as work is completed on parts. The movement of such 
materials, like material withdrawal, must be planned in advance of actual 
need. This function is often assigned to the dispatch clerk because he 
knows the status of the various orders and when they will be ready for 
movement. With this knowledge, he directs the desired movement of 
material by verbal request either to the machine operator or a materials 
move man. If a written request is required, the dispatch clerk may issue 
a move ticket that indicates what should be moved, where it should be 
moved, and when it should be moved. 


Follow-up. Once a manufacturing order has been dispatched to the 
shop worker, its progress must be followed to assure that work on the 
order is proceeding according to schedule. This function of checking to 
make sure that work is progressing according to plans is called follow-up 
and is one of the most important aspects of production control. Work 
often fails to materialize as originally planned. When this is the case, 
changes in schedules and commitments may have to be made. If an order 
gets behind schedule, for example, overtime work may be necessary to 
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get it back on schedule; or, if overtime is not feasible, certain order 
have to be rescheduled as a result of the delay. In any event, folio 
and appropriate remedial action should be taken. ° W ' U P 

This function of follow-up is important not only for manufacturi 
orders, but also for the other production control duties mentioned on 
575. Through follow-up, for example, we may find that certain reau^H 
raw material will not be available and that either a substitute material 
will have to be approved or the order will have to be rescheduled. I n si 
ilar fashion, if the engineering organization takes too much time in anal^ 
ing an order it may jeopardize the customer's requested delivery date In 
these and similar cases, the function of production control is to follow ud 
the job and make whatever changes are necessary to assure its comolerinn 
in an effective and orderly fashion. P n 


In effect, follow-up is the real control feature of production control 
All the other duties mentioned have consisted mostly of transmitting and 
receiving information or directions. Following up these communications 
to make certain that the planned action is being taken is the real check 
for all manufacturing plans. It is through this follow-up and check that 
deviations are uncovered so that appropriate actions can be taken to 
compensate for them. This discovery of deviations and the taking of reme- 
dial action is control. 


Special follow-up men. sometimes called expediters or stock chasers 
may be used to speed an order through production by helping to eliminate 
such difficulties as lack of materials and bottleneck operations. Expediters 
do not usually have the authority to give orders to foremen or dispatchers 
instead, they help speed up work on an order by locating difficulties ot 
suggesting changes that will improve a snarled situation. For example, 
an expediter might hurry an order through manufacture by locating and 
speeding the movement of materials through the shop; or he might im¬ 
press the foreman or dispatch clerk with the urgency of a particular order 
thereby assuring its early schedule and completion. 


Estimating. Almost every customer wants to know how much it will 
cost to have a product made, but unless a company has made a part pre¬ 
viously, it is almost impossible to determine in advance exactly how much 
it will cost to make it. The customer, however, must be given a firm price 
quotation. This price quotation is based on several factors, one of them 
being the estimated cost of manufacture. Estimating the manufacturing 
costs for purposes of customer price quotations is important. Obviously, 
if the estimator places the price too high, the order will be lost; and if he 
places the price too low, the company may lose money. Neither of these 
extremes is healthy for a manufacturing enterprise. The importance of 
the estimating function, therefore, is difficult to overemphasize. 

One might suppose that with the availability of all the product engi¬ 
neering information previously discussed, cost estimates could be made 
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•jh almost complete accuracy. As a matter of fact, they can. Most com- 
anies, however, receive only a small percentage of the orders for which 
fhev submit bids, and a large percentage of the time spent in cost estimat- 
. may be considered wasted. Under such circumstances, if companies 
rook, the time to evaluate precisely each nut and bolt on every inquiry, 
then the staff required to make such estimates could easily be greater than 
the staff required to run the entire manufacturing operation. Obviously, 
this excess staff could not be financially supported by the company. There¬ 
fore, manufacturing costs are estimated. 

The responsibility for estimating manufacturing costs may be found in 
different departments in various plants. It is closely associated with engi- 
peering, methods and standards, and accounting. Cost estimating often is 
an assigned function of production control; or in some plants, production 
control may be assigned the responsibility of collecting and coordinating 
the cost information from the departments involved. 

During slack business periods, companies may and often do reduce 
their price quotations to the point of just barely covering variable or out- 
of-pocket costs. In this way, the labor force and othei variable factors are 
kept intact for future business. T hough the company is not making a 
profit with such an order, but is actually losing money, the company fares 
better with such bids than without them. T his is true because fixed costs 
do not vary with reduced output but remain stable. If variable costs, 
therefore, can be covered by the quoted price and some application made 
to the fixed costs, then the company has gained from the partial contribu¬ 
tion to fixed costs, and in addition will benefit from the retention of its 
labor force. 


PRODUCTION CONTROL IN 
CONTINUOUS MANUFACTURE 

Production control measures for continuous production are not nearly 
so complicated as those required in intermittent manufacture. In con¬ 
tinuous manufacture production control s main duty is to see that a suffi¬ 
cient quantity of raw material is available for use in accordance with the 
manufacturing schedule, and to see that the material flows steady through 
the various manufacturing steps. Few orders or directives are required. 

In continuous manufacturing many of the forms and controls previ¬ 
ously described are often not required. Routing, for example, in a con¬ 
tinuous manufacturing plant is included in the original design and layout 
of the plant and its equipment. Thus, machines and equipment are located 
in the sequence required and all parts move through the same processing 
cycle. In a refinery, for example, it would be ridiculous to attempt to 
refine petroleum over any route other than the one established and built 
into the design of the refinery. The routing function in these instances is 
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not applicable except where changes in the product or process necessitate 
changes in routing. In a similar manner, the dispatching (unction is not 
as active in continuous as in intermittent manufacture. In general, workers 
in continuous manufacturing do not have to be told what to do every day; 
instead, they have the responsibility for performing some job, and by 
previous training they know what should be done. For example, individ¬ 
ual work orders indicating the steps required to manufacture cigarettes 
are not issued to cigarette makers each day. Nor is the janitor instructed 
daily as to proper sweeping techniques. In fact, in most continuous indus¬ 
tries about the only instruction required is to tell the employee how much 
or how many units he is expected to produce. This information is usually 
received in the form of a production release, illustrated by Figure 28.10, 
showing the required output per day or week. 


PRODUCTION RELEASE 

Product 

Carton Output for Week of January 17, 19« 

17 

18 

19 

20 


22 

King size 

Regular 

Menthol 

10,000 

5,000 

3,000 

9,000 

5,000 

4,000 

9.500 
5,000 

3.500 

8,000 

4,000 

0,000 

ft* it 1 t 1 ■ 



Figure 28.10. SimpliBed production release. 


Instead of such functions as routing, dispatching, and the like, the 
major work of production control in continuous manufacturing is to 
make sure that a sufficient but not too large a quantity of raw material is 
available and on hand to meet the required manufacturing schedule. This 
responsibility may call for constant contacts with the vendors and carriers 
to give them specific instructions relative to the amount, the method, and 
the date of shipment. In very large companies, such as the Ford Motor 
Company, the coordination of the flow of products from other plants to 
the assembly plant is a major problem. For the sake of economy of space 
as well as monetary investment, stocks of materials for assembly plants 
often are maintained on an hourly or daily basis. With such close schedule 
and control, the necessity for close supervision of materials movement 
from outside suppliers is obvious and represents a major function of 
production control in these plants. 

PAPER WORK 

In many plants the paper work previously discussed is simplified consid¬ 
erably by having one or two pieces of paper serve for all the various forms 
mentioned. This may be accomplished by typing the original information 
on a master sheet and running off duplicate sets of orders on a duplicating 
machine. 
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Figure 28.11. Master standard operation sheet. (Courtesy Remington Rand.) 


Figure 28.11, for example, illustrates the typed master standard opera¬ 
tion sheet for part Y 1724, Cover For Window Model. Note that it shows 
where the work will be done, what will be done, how long it will take, 
which machines will be used, and the tools required. This is the master 
sheet for this part and it is retained by production control. When sub¬ 
sequent orders are received for the same part it will not be necessary to 
get this information from engineering or to type this information over 
again; instead, a small form called a variable master is typed which fits 
over the master sheet. This variable master changes such variable infor¬ 
mation on the master sheet as customer’s name, order number, and 
quantity ordered. These two masters are run simultaneously on the dupli¬ 
cating machine, thus duplicating both nonvariable information from 
the master sheet and the variable information from the variable master 
on a single piece of paper. Figure 28.12 illustrates a set of these forms. On 
these particular forms, the manufacturing order is called the departmental 








































Figure 28.12. Set of forms that have been run from the master standard operation 
sheet shown in Figure 28.11. (Courtesy Remington Rand.) 
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production order copy. The traveling production order copy may be used 
as an identification ticket, as an inspection report, or as a move ticket. 
The parts requisition copy and raw material requisition are to be used 
as materials withdrawal slips. One copy goes to the accounting depart¬ 
ment for costing purposes. 

Some companies today employ punch card (IBM or Remington Rand) 
machines for much of the paper work of production control, payroll prep¬ 
aration, accounting, and materials control. Others are using electronic 
computers to calculate costs, requirements, schedules, and so on. This 
is particularly true in large companies where the extensiveness of the 
operation makes the use of such equipment economically feasible. In using 
such equipment, the production control functions are still the same with 
the major difference being in the physical aspects of the various forms 
previously discussed. Figure 28.13, for example, illustrates typical individ¬ 
ual punch cards required for a bill of materials. From these cards a bill of 
materials can be run off on an interpreter. In similar fashion operations 
cards are used to make operations sheets. 

LINEAR PROGRAMMING 

Many times the job of effectively loading and scheduling the various 
departments or machines in a plant can be a baffling one. When con¬ 
fronted with alternative ways of using different machines or departments 
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to fabricate two or more required products, a production control manager 
may "solve" the problem by guess or estimate rather than wade through 
a stack of reports, inventory levels, schedules, available work times, and 
the like. This obviously may not be a very economical or effective way to 
load work on the various departments. Fortunately, however, we do have 
available a technique called linear programming which can be put to 
effective use in such situations. Linear programming is a mathematical 
technique which allows management to determine the best solution to 
this and similar problems involving the use of limited resources. 

In order to employ linear programming, however, several conditions 
must exist: 

1. An objective must be set forth, such as to reduce cost or to maximize 
total profits. 

2. Several solutions to the problem must be present, any one of which 
would work. The objective, of course, is to find the best one. 

3. The relationship between the factors must be linear. For example, if the 

number of units produced by a department increases, and the profit of 
the department increases in the same proportion, then the relationship 
is said to be linear. r 

4. Restrictions are present, such as departmental or machine capacity, 
available space, and the like. 

5. The problem must be capable of being stated in quantitative terms. 

If these five conditions exist, then it is probable that linear program¬ 
ming can be used. Perhaps the easiest way to illustrate linear programming 
is through the use of the graphic method. 

Assume, for example, that our customers have indicated that they will 
buy all the lamps and lamp shades that we can supply them. Assume 
further that each of these products must be processed through each of 
three departments in our plant: the molding department, the assembly 
department, and the finishing department. By examining our production 
schedule we see that we have available time in the departments as follows. 
In the molding department we can mold either 120 dozen lamps or 200 
dozen shades per week; in the assembly department we can assemble 
either 240 dozen lamps or 80 dozen shades per week; and in the finishing 
department we can paint 150 dozen lamps or iOO dozen shades per week. 

From our accounting department we learn that the profit on lamps is 
$4, while on shades it is only S3. Our problem, of course, is to find out how 
many of each we should schedule in each of the three departments in 
order to maximize profits. We could, of course, make only lamps, in which 
case we could only schedule 120 dozen per week (the maximum number 
that the molding department can mold) at a profit of $5,760 (120 dozen x 
$4 profit). Or we might decide to schedule only shades, in which case we 
could only produce 80 dozen (the maximum capacity of the assembly 
department to assemble shades) at a profit of $2,880 (80 dozen x $3 profit). 
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Obviously, some combination of the two which would more effectively 
utilize the available time in the departments would be more desirable and 
profitable. We can determine what this combination of shades and lamps 
might be through the graphic approach. 

Figure 28.14 illustrates* the linear programming solution. Note that the 
output of lamps is shown on the X axis, or horizontal axis, with the output 


dozens of 

SHADES 

260 r 








Dept. 


0 50 100 Z ISO 200 250 

DOZENS OF LAMPS 

Figure 28.14. Chart showing output pouibilitia for lamps and shades in three depart¬ 
ments. 


of shades indicated on the vertical or Y axis. The available capacities of 
the three departments are shown. To construct this chart, we have to draw 
lines representing each department which will tell us the various combina¬ 
tions of lamps and shades that each department can process. Let’s start 
with the molding department. We know that the molding department 
can mold 200 dozen shades, but if it does so it will have no excess capacity 
to mold lamps. We, therefore, locate the molding capacity of the depart¬ 
ment for shades at point Y which is 200 on the vertical axis and over 
the zero on the horizontal axis, because at an output of 200 dozen shades, 
the molding department cannot mold any lamps. We know, of course, 
that the molding department could produce 120 dozen lamps, but if it 
did so, it would have no available time left to mold shades. We, therefore, 
locate this second point for the molding department at point Z which is at 
120 dozen on the horizontal axis and at zero on the vertical axis. We join 
these two points of Y and Z with a straight line from which we can read 
all combinations of lamps and shades which the molding department can 
mold. In like fashion, we establish points W and X for the assembly de¬ 
partment, and R and S for the finishing department, and join them with 
straight lines. The heavy line WACZ in Figure 28.14 shows the various 
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combinations of lamps and shades that we can produce per week At 
points W and Z, however, we are producing only a single product—only 
shades at point W, and only lamps at point Z. At any other point on the 
heavy line we can produce both products in various combinations. 

As we move away from point W toward point A you will note from 
the converging of the lines for the finishing and assembly departments 
that more and more of the capacity of the finishing department is being 
utilized until when we arrive at point A the full capacities of both the 
finishing and assembly departments are being utilized. The assembly 
department s capacity, of course, is being fully utilized at any point on 
line WX. As we move from point A to C, the capacity of the assembly 
department is being less effectively utilized (the area is getting larger 
between line AC and line AB, the assembly department line), and the 
capacity of the molding department is being more nearly utilized. At 
point C, of course, the capacities of both the molding and finishing de¬ 
partments are being fully utilized. Thus, there are two points of output, 
points A and C, where we would be most fully utilizing our plant. We can 
determine which would be more profitable by simply multiplying the 
output of lamps and shades at these two points by the profits of each. This 
has been done and is summarized in Table 28.1. 


TABLE 28.1. 





Profit on 

Profit on 


Level of 

Dozens of 

Dozens of 

lamps @ 

shades @ 

Total 

output 

lamps 

shades 

$4 each 

$3 each 

profit 

W 

0 

80 

0 

$2,880, 

$2,880 

A 

60 

60 

$2,880 

$2,160 

$5,040 

C 

100 

so 

$4,800 

$1,080 

$5,880 

Z 

120 

0 

$5,760 

0 

$5,760 


Note that point C affords the greatest profit at an output of 30 dozen 
shades and 100 dozen lamps. 

When we examine the chart carefully we see that we could produce at 
point B except for the limitation of the finishing department. It may 
be under such circumstances that the finishing department could work 
overtime thus allowing us to produce at point B which would fully 
utilize the capacities of the molding and assembly departments. We would 
have to determine, of course, whether or not the resulting increase in 
profit would more than offset the increase in costs incurred as a result of 
the overtime. When more than two products are involved with multiple 
processes, they cannot be solved by the easy procedure illustrated above. 
They can, however, be programmed on computers and outputs determined 
which would maximize profits. Management frequently uses linear pro- 
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(Tramming to hel P make decisions with aspect to making or buying a 
roduct, controlling inventory, determining the most profitable product 
mix (as we have just done), locating warehousing and productive facili¬ 
ties numerous problems involving transportation, machine scheduling, 
effective utilization of expensive or scarce materials, and thus the list 
goes on. The only restriction to linear programming is that the relation¬ 
ship between factors must be linear along with the five conditions previ- 

ously enumerated. 

Several other methods are used in production control to solve linear 
programming problems: the index, simplex, distribution, and MODI 
(modified distribution) methods, to name a few. To illustrate the use of 
one of these methods, let us take a very simple production control problem 
and solve it by using the index method. 


Index Method . 2 Assume that we have six orders from customers for 
six different parts. These parts are to be run on five machines we have in 
our shop. However, because of the varying ages and styles of the machines, 
different amounts of time are required to produce the parts on the various 
machines. The problem, then, is to assign the orders to the machines so 
as to obtain maximum utilization. 

In using the index method to solve this problem, we will run as many 
parts as possible on the most effective machine, with those parts left over 
going to the next most effective machine, and so on. To determine ma¬ 
chine efficiency, standard times must be known for the manufacture of 
each part on each machine. These are given in Figure 28.15. 


Order 

a nd 



Machine 

3nu 

Part 

Order 

1 

□ 

hi 

IV 

V 

A 

60 

3.0 

0.5 

1.0 

1.5 

- 

B 

20 



- 

7.0 

4.0 

C 

40 


mm 

6.0 

4.0 

9.0 

D 

80 

mm 

4.0 

3. S 

3.0 

3.2 

E 

100 

- 

6.0 

2.0 

3.0 

4.0 

F 

35 

- 

6.0 

2.0 

3.0 

3.0 


Figure 28.15. Standard manufacturing times per unit for parts A through F on ma¬ 
chines I through V. 


Index numbers are now computed for each order for each machine 
(see Figure 28.16). For example, for Order A, we find that machine II 


2 Much of the data in this section was adapted from Robert O. Ferguson, "Linear 
Programming,” American Machinists, Special Report 389. n.d. 
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Order 

and 

Machine 

Part 

I 

n 

m 

IV 

V 

A 

5.0 

0 

1.0 

2.0 

- 

B 

- 

- 

- 

0.75 

0 

c 

0 

0.5 

2.0 

1.0 

3.5 

D 

0 

1.0 

0.75 

0.5 

0.6 

E 


2.0 

0 

0.5 

1.0 

F 


2.0 

0 

0.5 

0.5 


Figure 28.16. Index number for various machines showing their relative efficiency in 
the manufacture of the different parts. 


will produce the part with the minimum standard time of one half hour, 
whereas machine IV would take one and one half hours, machine III 
would take one hour, and machine I would take three hours. Since ma¬ 
chine II is most effective on this part, we give machine II an index of 
zero. The index for the other machines can now be calculated by sub¬ 
tracting the standard time for the best machine (II, in this case) from 
the standard time for each of the others, and dividing the answer by the 
standard time for the best machine. For example, on Order A, machine 
II is best with a standard time of one half hour. The index for IV is 
calculated by subtracting one half hour from the one and one half hours 
required to run the part on machine IV, and dividing the remainder by 
the standard time for machine II. Thus, one hour is divided by one half 
hour, giving an index of two to machine IV. In similar fashion, indexes 
are computed for the machines on the remaining orders. 

Obviously, the best solution to the entire problem would be to run 
Order A on machine II, Order B on machine V, Order C on machine I, 
Order D on machine I, Order E on machine III, and Order F on machine 
III. In an operating shop, however, these machines would already have 
been scheduled ahead with previous orders, leaving only a certain number 
of hours available to apply on these new orders. Let us assume, there¬ 
fore, that our machines have available to run these orders, the following 
unscheduled or free time: 

Machine I . 160 hours 

Machine II . 32 hours 

Machine III . 200 hours 

Machine IV . 160 hours 

Machine V . 190 hours 

We are now ready to start loading the various orders on the available 
machines. To do this, we must set up a chart (sometimes called a matrix) 
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lar to Figure 28.17. On this chart, we circle the hours under the 
C which would be ideal to run the parts. You will note that in 
“le case 8 the hours available are sufficient to meet the hours needed. 
othe r instances, the machines are overloaded. For example, on machine 
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Figure 28.17. Chari showing ideal solution for manufacture of each order. Note: where 
orders overload an ideal machine (such as orders C and D on machine I), one of the 
orders b crossed out and moved to a second-best machine as determined by index 
number. 


I, we need 240 hours to run the ideal parts. Inasmuch as Order D exactly 
takes up the 160 hours available, we would logically look for another 
machine on which to make Order C. Machine II has only 32 hours avail¬ 
able, so we will not consider it. By index number, machine IV is our next 
best machine, after machines I and II, and in addition, machine IV has 
available hours. Therefore, we circle Order C to be made on machine IV. 
This move of the order from I to IV causes us to use 80 hours in excess 
of the ideal (160 - 80 = 80). Therefore, we put 80 in the excess column. 
In a similar manner, we move Order F from machine III to V, with an 
excess of 35 hours. This completes our scheduling of these orders with 
an excess of 115 hours over the ideal time to fabricate these parts. Under 
the circumstances, however, with the limited time available on the various 
machines, this represents the most favorable schedule for the parts. Obvi¬ 
ously, with so simple a problem, linear programming does not have to be 
employed to arrive at the same answer. However, if we complicate the 
problem by adding additional parts and additional machines, we can 
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easily see how this technique would be of real value in finding the best 
solution. 

By using the index method, many modern plants are scheduling parts 
and orders for more economical operations. SKF Industries, Incorporated 
for example, used this method to schedule parts on automatic screw ma¬ 
chines and in so doing gained ten percent in production. 

We have looked at the index method, one of the simpler techniques 
used in linear programming. In addition to this and the other techniques 
previously mentioned, industry is also using approximation techniques in 
solving linear programming problems. As the name indicates, the approxi¬ 
mation techniques are not purely mathematical, but are based on mathe¬ 
matical methods. They contain estimates and shortcuts, and where a 
precise answer is not required, the approximation techniques can be used 
to advantage over the others because of the time saved. They are particu¬ 
larly useful in such aspects of industry as production planning and control 
where the longer techniques may be unwieldy and uneconomical to use. 

USE OF COMPUTERS 

In some industries, notably petroleum, steel, chemicals, utilities, plastics, 
and paper, computers have proved to be of real value in controlling the 
complex processes involved. Because of their computational speeds, com¬ 
puters are able to take thousands of bits of data about production proc¬ 
esses, almost instantly compute the optimum combination of products 
and uses of equipment, and then issue orders as to how machines should 
be run or scheduled to achieve maximum efficiency. 

In production control application, computers may be employed in an 
off-line computation where an employee feeds data from the operating 
machines into the computer, reads the computer's output of the best 
combination, and then regulates the manufacturing process accordingly. 
In on-line open-loop installations, the production equipment transmits 
its information directly to the computer to determine the best operation. 
This information is read by the operator who adjusts the process accord¬ 
ingly. In on-line closed-loop computer applications the information is 
fed directly between the computer and the machines with no operator 
necessary. This type of application, however, is quite complex, requires 
programming virtually every possible situation into a memory unit, and 
is quite expensive because of the tremendous amount of work involved. 
Many firms, however, are moving to the on-line closed-loop application 
for some of their processes. Texaco, for example, was first to place a refin¬ 
ing process under full computer control. Goodrich employs it in its Calvert 
City, Kentucky, plants. And Great Lakes Steel has computerized its hot 
strip mill which processes twenty-five ton slabs of steel, with the sheets 
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1 * through the final rolling machines at forty-five miles per hour. 
j ace suc h control in the hands of a computer requires a comprehen- 
• systems approach and a highly dependable system of sensing and 
m unicating information to the computer. Not many firms have moved 
C ° this point. Instead, many applications are like Woodward Governor’s 
l ° Rockford, Illinois, where computers are used in production control 
to keep the necessary records on 30,000 parts and 600 open orders moving 
through 250 job shop operations. 


PRODUCTION CONTROL 
UNDER DYNAMIC CONDITIONS 


In any manufacturing situation the value of production control may not 
be as obvious as it is under conditions of change, for it is during chang¬ 
ing times that risks to the plant are greatest and the necessity for coordi¬ 
nation and tight control the most obvious. When business is expanding, 
^ example, and the need exists to manufacture greater quantities of the 
product, production control makes for a better balance and coordination 
of the various components. Under such conditions, production control 
materially aids in getting out the work. Likewise, in times of changes in 
quantities or specifications, production control aids in processing these 
changes in an orderly fashion with minimum costs and disruption of the 
manufacturing processes. In times of receding business, production con¬ 
trol also can play a part by keeping inventories at a minimum and by 
speeding the work through the plant. 

Thus, we can say that effective production control brings about the 
efficient coordination of the elements of manufacture under all economic 
conditions. Good production control, therefore, results in the harmonious 
and economical operation of a manufacturing enterprise, enabling it to 
operate more efficiently and achieve lower costs. 


STUDY QUESTIONS 

1. What is production control? How does it aid in effecting economical pro¬ 
duction? How can it be of value to management under changing conditions? 

2. How does production control, though a staff organization, actually “con¬ 
trol” production? Explain. 

3. What are the functions and duties of a well-organized production control 
department? 

4. Distinguish between intermittent and continuous manufacturing. 

5. Describe and indicate the use of a bill of materials and an operations sheet. 

6. How can loading and scheduling be accomplished in intermittent manufac¬ 
ture? 
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7. What parts does a manufacturing order play in production control? Explain 

8. Explain the graphic and index methods of linear programming and »hv 

application to production control. 6 we,r 

9. Why is follow-up the real control aspect of production control? Explain 

10. How does production control in continuous manufacturing differ from nr 

duction control in intermittent manufacturing? ** 
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PROJECT 

CONTROL 



Program Evaluation and Review Technique, commonly 
known as PERT, is a sophisticated and relatively new tool 
used by management for planning and control on special 
projects. First developed in 1958 by the Navy Special 
Projects Office and Booze, Allen and Hamilton, PERT is 
now required of all companies doing research and develop¬ 
ment for the Defense Department and the National Aero¬ 
nautics and Space Administration. The Army, the Air 
Force, and the Atomic Energy Commission are also exten¬ 
sive users of PERT. In fact, PERT got its first impetus from 
its success in planning and controlling the Polaris missile 
development. 

One of the major assets of PERT is its comprehensive- 
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ness. It can be used by management from the inception of a project to its 
completion, aiding in the initial planning of the project, helping to estab¬ 
lish it in terms of what the product should do, its production schedule 
and its cost, and, finally, helping management with the overall detailed 
planning and control of the project throughout its fabrication period. 
Seldom has such a comprehensive technique been developed with such 
widespread acceptance and use. and when introduced it quickly became 
known as the hottest new technique in the theory and practice of man¬ 
agement. 

PERT differs from most of the traditional control techniques that 
we have discussed in that it covers almost all major facets of the project 
Inventory control, for example, covers control of the inventory of ma¬ 
terials. Likewise, production control is concerned only with the exclusive 
control of production with little or no emphasis on planning, cost, and 
so on. PERT, through its flexibility, can be used to cover almost any facet 
of a project. First introduced to General Electric's management through 
its association with the Polaris project, either PERT or a similar tech¬ 
nique is now used by most of GE's divisions, thus indicating its adapta¬ 
bility to nongovernmental projects and its ready acceptance by industry. 
In fact, since its introduction in 1958, the use of PERT has spread 
throughout the world. It is, for example, being promoted by Great Britain, 
is used in Canada and is required by the Canadian government on many 
of its contracts, and was introduced in Russia in 1963 to aid in planning 
and controlling its economy, according to Soviet Academy of Sciences 
Member, Professor Mark M. Golanski. 


BACKGROUND 

PERT is essentially an adaptation of network theory. It is, therefore, 
not a new concept. H. L. Gantt, for example, used some network theory 
in his charts. But PERT's particular newness lies in the contributions it 
has made to the network theory concept. PERT is actually a composite 
of many concepts coming from different professions. Scientists and engi¬ 
neers, for example, claim that the orderly planning required by PERT 
has been used for years by members of their professions. Industrial engi¬ 
neers and others will tell you that the PERT concept was first expounded 
by Gilbreth in his flow diagram. Some old-time managers will indicate 
that PERT is nothing but a composite of many techniques used by man¬ 
agement for years. Thus, the list goes on—people from different areas, 
different backgrounds, indicating that PERT is neither unique nor new 
—and, to no small degree, they are correct. The theory of PERT is not 
new. In fact, it is because of this thread of familiarity with its new and 
sometimes novel applications that PERT has found such ready and wide¬ 
spread acceptance. 
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NETWORK THEORY 

Inasmuch as PERT is basically an adaptation of network theory, we 
may be wise to take a brief look at this theory so that we can better under¬ 
stand PERT. 

Network analysis of a project consists of three simple steps. First, a 
model or network is developed covering all aspects of a business activity 
or project. This model is a detailed “picture'' of what should happen, 
indicating schematically (by networks) how the project should develop. A 
network made of the procedures covered in getting a date, for example, 
might look like Figure 29.1. 



Note that your overall time from start to finish is two hours and twenty 
minutes, and that you performed two acts simultaneously: you washed the 
car while you looked after your baby brother. 

The second step in network analysis is to evaluate the plan or model to 
be certain that if the steps are followed the probabilities are great that 
the end objective will be reached. Questionable parts of the above net¬ 
work, for example, may be the assumptions that Jean is home, will answer 
the phone, does not have a date, and will give you a date. This second 
step of evaluation, therefore, may well point out flaws in the network. 

Finally, the network is used to monitor or control tho project as it pro¬ 
ceeds. In the above example, you should have made a date with Jean 
and finished washing the car fifty minutes after die start of the network. 
Another control or checkpoint is that you should have made your call, 
washed the car, and earned some money after an elapsed time of one hour 
and thirty-five minutes. By thus checking the network you can tell when 
you are deviating from the plan and make adjustments to get back on 
schedule. 

As you can see, this network for a date is a schematic model giving 
you a picture of what must be achieved, the interrelationship of the vari¬ 
ous parts, a mathematical aspect (time in this instance), and an idea of 
some of your problems. Using this model has forced you to make an 
overall plan before you started. Management likewise can construct a 
network showing an overall plan for a particular project, clearly indicat- 
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ing the events that must take place before the end objective is reached 
In this form, rather than written, it provides a clear, easily understood 
description of the total operation. It shows why some events must follow 
others, why a particular event cannot be done now, why the total opera¬ 
tion takes so long, and the like. 

In addition to serving management as a planning tool, network theory 
also serves as a control device. For example, if at the end of the sixth week 
in a twelve-week project management finds that eight more weeks will 
normally be required to finish the project, it is probable that some adjust¬ 
ments will be made in the network in order to complete the project on 
schedule. Overtime, for example, may be employed in one or more sub¬ 
sequent operations. 


WHERE TO USE PERT 

From our discussion thus far, it may be clear that PERT is not the type 
of control system used in highly repetitive manufacturing. It is, instead, 
of major value in one-of-a-kind projects. In many companies today, for 
example, manufacturing projects developed through research need overall 
control. PERT is of real value here in planning and controlling the 
initial augmentation of the manufacture of the product. On repeat manu¬ 
facturing runs of the product more conventional control procedures can 
be used. Many companies are currently involved in either defense work 
or subcontracting work. In either event, it is not unusual for the product 
involved to be manufactured on a project basis. PERT is a "natural” con¬ 
trol procedure to use in such instances. In summary, PERT's major and 
most effective use is with production prototype or pilot model construc¬ 
tion and with defense-type projects. It can, however, be applied in re¬ 
search, production, and modernization of facilities. 


PERT DEFINED 

PERT is a system for planning and control which incorporates several 
basic characteristics. 

First, all jobs or tasks that go to make up a project are identified 
initially. This means that every job must be visualized in a manner clear 
enough to be incorporated in a network similar to the one previously 
discussed. Obviously, this requirement forces clear thinking, a penetrat¬ 
ing analysis, and a detailed breakdown of each job involved in a project. 
This "in advance” analysis and thinking is in itself of major value to 
good planning. All facets of a project or product are considered and plans 
can be made to integrate the various parts into a meaningful whole. 
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A second characteristic of PERT is that each job so identified must be 
related to the other jobs in a logical network. This means that jobs that 
can be performed concurrently are so indicated, and that a particular 
job cannot be considered finished until all jobs preceding it in the net¬ 
work are completed. 

Third, time estimates are made for each step or job in the network. 
These estimates involve three times for each job: (1) the most optimistic 
time, that is, the time that would be required if everything worked out 
perfectly; (2) the most likely time, that is. the length of time that will, 
in all probability, be required to perform the job under the given circum¬ 
stances; and (3) the most pessimistic time, that time which would be 
involved if everything that might logically go wrong does so. In other 
words, it is the opposite of the most optimistic time. The most pessimistic 
time is improbable and unrealistic, but it could take that long if a lot of 
bad breaks occurred. 

Fourth , a critical path is calculated through the network. This critical 
path is the overall time it will take to complete the project. It is the long¬ 
est path in time through the network. 

Fifth, and finally, from time to time actual performance on the project 
is compared with the estimates of times shown on the network. This con¬ 
stant review is, of course, the feature that provides the control aspect 
inasmuch as the PERT network provides the standard by which accom¬ 
plishment is measured. 

Made up of the above five steps. PERT in theory is simple—deceptively 
so. It is, however, fairly complex but can be effectively applied with a 
little extra effort. 


DEVELOPING A NETWORK 

In developing a network for a project, an event is frequently represented 
by a circle. An event takes no time and represents no work; it does, how¬ 
ever, signify that something has occurred. When you finish typing a 
letter, for example, the completion of the typing or finishing the letter 
would be classified as an event. Not the typing of the letter (this would 
be an activity), but the completion or ending of the typing operation is 
the event. An activity involves time and labor (typing a letter) and pre¬ 
cedes an event. An activity is represented in a PERT network by an arrow 
and connects two events. Figure 29.2 shows a schematic of a network 
incorporating these concepts. 

In this PERT diagram, no work can be started on any other event until 
event B has occurred. After completion of event B, then work can be 
strated on the activities following event B leading the events S, R, C, and 
D. Note also that event C cannot occur until events A, B, S, and R have 
occurred, and so on. 



606 


THE CONTROL SYSTEM 


Event 



After a network of the project has been established, the next step is to 
assign time values to each of the activities linking the events. We need 
to know, for example, how long it will take to perform the activity leading 
from event A to event B, the time from B to C, and so on. These time 
values for projects can be estimated by those individuals most familiar 
with them. If the activity between events A and B, for example, were 
concerned with the development of blueprints for a building, then the 
architect would be the one to estimate the time that would be required 
for this activity. If the activity between events B and C were concerned 
with purchasing materials for the building, then we would turn to the 
purchasing agent as the person best qualified to give us the time that 
would be required to perform the activity. And so on it would go through¬ 
out the network. 

Three time values are estimated by these people for each of their 
particular activities. These three are: 

1. The shortest time it could possibly take to perform the activity—in other 
words, the most optimistic time estimate. 

2. The time it will probably take to perform the activity—the most likely 
time. 

3. The longest probable time that it will take—the most pessimistic time. 

These three time estimates for each activity are usually given in weeks, 
but any appropriate unit of time can be used. Once determined, these 
time values for each activity can be added to our chart above the line 
for the activity involved. It is much simpler, however, to work with only 
one time value rather than three. In PERT, therefore, a time value is 
chosen that appears to be representative of these three times. The most 
likely time could, of course, be chosen. However, rather than use the most 
likely time, it has been found that an expected time can be calculated 
using the three time estimates previously discussed. This PERT expected 
time is the time that divides the range of probable times in half. Thus, 
there is a 50-50 chance that the actual time will equal or exceed the ex¬ 
pected time. The formula for calculating the expected time is: 
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B + 4M + P 
6 


where: . 

T e = expected time 

B — best or optimistic time 

M = most likely time 

P = most pessimistic time 


Thus if B = 4 weeks, Af = 6 weeks, and P = 10 weeks, then the expected 
lime for an activity would be: 

_ _ 4 + 4(6) + 10 


r. = 6i/ s weeks 


By using this formula and calculating expected times for each event, the 
network is considerably simplified inasmuch as one rather than three 


times is used. 


ies is 

When the expected time values have been calculated for each activity 
and recorded above the activity line, our chart will appear as in Figure 


29.3. 


Event 



We are now in a position to determine the critical path. The critical 
path in a network is that sequence of interconnected events and activi¬ 
ties which will require the greatest amount of time between the start 
and completion of the network. In other words, the critical path is the 
longest “time path” through the network using the expected time values 
for each activity as a guide. In the above chart the longest time path and 
therefore the critical path is indicated by heavy lines, and requires 80 
weeks to complete (8 + 11 + 45 + 10 + 6 = 80). This is called the critical 
path because any delay in completing the activities along this path will 
delay the completion of the project. Some of the other activities not on 
the critical path, however, often can be delayed a week or so without 
affecting the overall time of the project. In other words, these activities 
have excess or slack time in their schedule. 
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After the critical path, probably the second most valuable computation 
to management in the PERT technique is the determination of these 
slack times for activities. Slack time is the maximum delay that we can 
tolerate in performing an activity and still not delay the completion of 
the overall project. It is the difference between the expected time value 
for an activity and its latest allowable time. Inasmuch as the overall com¬ 
pletion date is determined by adding the expected time values along the 
critical path, it follows that only activities off the critical path can have 
slack time. 

Slack time for an event can be calculated by adding the total expected 
time from the beginning of the network to the event under consideration 
and subtracting this from the latest allowable time which will not affect 
the critical path event times. 

Using the above network as an example, we can determine the latest 
allowable time for event R as follows. We see that event R must be com¬ 
pleted one week before event C because the activity leading from R to C 
requires one week to perform. We also know that event C must be com- 
pleted 19 weeks ( 8+11 along the critical path) after the beginning of the 
project. This tells us that the latest allowable time for the completion of 
event R is 18 weeks, or one week before the necessary completion of event 
C. Eighteen weeks, therefore, is the latest allowable time for event R. 
However, by totaling the expected time values from the beginning of the 
project to event R, we see that it will be complete in 12 weeks (8 + 3 + 

1 = 12). This means that if everything goes according to schedule that 
event R will be ready or will have happened at the end of the 12th week 
after the beginning of the project. 

We indicated above that we did not absolutely need event R to be com¬ 
plete until the end of the 18th week; therefore, we are finishing it 6 weeks 
ahead of time. This excess time is called slack time. When excessive 
amounts of slack time are found in a network, this tells us that we have 
assigned too many resources (men, materials, and machines) to perform 
these jobs—that these jobs or activities will be completed too far in ad¬ 
vance of their required date. In our illustration, for example, excessive 
amounts of men and materials have been assigned to achieving event R, 
so much so, in fact, that it will be completed 6 weeks ahead of time. Under 
such conditions, management should look at the possibility of transferring 
some of these resources to performing more critical activities, perhaps 
those along the critical path, thereby decreasing the overall time required 
for the project. Not only would such shifts serve to reduce the overall 
project time, they would also result in a better balance and use of resources 
among several alternatives. 

Network Rules. In developing a network, you should observe three 
simple but basic rules. 
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1 Every activity must be preceded and followed by an event. Likewise, 
, even i must be preceded and followed by one or more activities— 

^th the exception of the starting and ending events. 

2 No activity may start until its preceding event has occurred. In like 
ner, no event may be considered to have occurred until all activities 

leading to it have been completed. 

3 Closed loops cannot be incorporated in a network. A closed loop is 
one where an activity leading from a given event follows a path that 
returns to the given event—thereby causing a loop. For example, in the 
network (Figure 29.4) we can easily identify loop B,C,D. Such loops can- 

ot be incorporated in a critical path network. 


Event 



Figure 29 A. 

In addition to the above rules, we must make sure that the project for 
which we are developing a network has a clearly definable beginning and 
ending point. In addition, every part and step of the job or project must 
be clearly defined and must be capable of being achieved. And, finally, 
the time required to perform each of these parts must be capable of being 
estimated. 


SQUARE DIAGRAM 

Most of us are familiar with bar charts but may have difficulty following 
a PERT network with a large number of events, say, two hundred or so. 
Such networks can easily be converted to a bar-chart form that may be 
more easily understood and more readily grasped. The procedure is as 
follows: 

1. Lay out the critical path along a straight line with a time scale along 
the line. 

2. Place secondary events and activities above and below this critical 
path line. 

3. Shade the slack time to emphasize it. 

To illustrate the procedure, a squared network of events B, S, R, and C 
from our network example on page 607 would look like Figure 29.5. 
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Figure 29.5. 


PERT WITH COST 

Up to this point we have considered PERT only in terms of time con¬ 
sumed on projects. In many instances, however, management is interested 
to know what it will cost to shorten the time for delivery. Decreasing the 
delivery time may, for example, mean the difference between receiving or 
losing an order—and the change in cost may affect the price we bid on 
the order. Likewise, we might determine that we could shorten the overall 
time for a company project if we reallocated our materials and men. Be¬ 
fore making a decision, however, management would want to know how 
much more (or less) the changes would cost. Adding cost figures to the 
time figures developed for the network would not be too difficult if the 
firm had a sound cost-accounting system. Such computation, of course, 
must cover all costs—the obvious ones of direct labor, materials, etc., and 
the less obvious ones related to time such as overhead, fringe benefits, and 
the like. Armed with these figures, management would be in a position 
to tell a customer, for example, that his order could be shipped three 
weeks ahead of the promised delivery date but that it would cost the 
customer the extra amount involved in a rush order. In a similar way, 
PERT/cost (PERT with cost) indicates where management can accelerate 
a project and how much it will cost, in order to make way for subsequent 
work. By providing time and cost it may well help management to better 
utilize its manpower and material facilities. 

PERT/cost also provides management with a method for evaluating 
alternative plans of action on both a time and a cost basis. If resources 
were transferred from one part of a network to the critical path, for ex¬ 
ample, the extra cost of doing so as well as the time saved could be shown. 
Another use of PERT/cost has to do with planning the financial aspects of 
a large project in that it indicates the dollars that will be required and 
when they will be needed for portions of the project—as well as the 
amount required for the entire project. This would enable management to 
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LEGEND FOR EVENTS 

A- R*qo««t program 
B- Design complttod 
C- Tempo. registered 
D- Ctr. procaaa ends 
E- Drawing* releued 
O- Tab* computed 
H- Pre-teat etnrted 
J- Fabrication ataxted 
K- Normal protection end* 

L- Teste started 
U- Mock-up completed 
N- PreUtnsry test completed 
P- Component pressure tested 
Q- Plating complete 
R- Plating tested 
S- Plating coated 
T- Tests analysed 
U- Tests evaluated 
V- Sub-assembly completed 
W- Component fabricated 


Fieurc 29.6. Portion of a PERT network showing most optimistic, most likely, and most 
pessimistic times for each activity. The critical path is emphasized by the heavy lines. 

make plans in advance to borrow or secure the necessary funds at the time 
indicated. PERT/cost also provides management with a yardstick to mea¬ 
sure the accomplishments of various managers or departments in meeting 
their schedule and cost estimates on the project. And, finally, PERT/cost 
may well point out future manpower needs and costs which can be met 
either through overtime or additional personnel. 


PROBABILITY AND PER) 


Should management desire it, the probability of meeting a delivery sched¬ 
ule can be developed to determine the feasibility of the program outlined 
under the constraints of the network. A rule of thumb frequently applied 
is that a probability of .25 to .60 is acceptable, with probabilities of less 
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than .25 indicating that the schedule cannot reasonably be met given the 
resources allocated to it. Some concerns feel that a probability in excess 
of .60 indicates excess resources allocated to the project. 

You will recall that our formula for computing the expected time 
divided the probability curve in half, that is, T e represented the 50 per¬ 
cent probability point. The standard deviation can be arbitrarily set at 
% of the range—or % of the difference between B (the most optimistic 
time) and P (the most pessimistic time). Applying this to the critical path 
of the network on page 607 we get Table 29.1. 


TABLE 29.1. 


Activity 

B 

(most 

optimistic 

time) 

M 

(most 

likely 

time) 

P 

(most 

pessimistic 

time) 

T . 

(expected 

time) 

I s ?) 


A-n 

2 

9 

10 

8 



B-C 

8 

10 

18 

II 



C-D 

30 

45 

50 

45 



D-E 

8 

10 

12 

10 

m 


E-F 

4 

6 

8 

6 

4/6 




Assume that we have promised the customer that we will have completed 
his project and have it ready for delivery in 80 weeks. What is the proba¬ 
bility of delivery ahead of schedule, say, 75 weeks? We take the difference 
between 80 weeks and 75 weeks and divide this by the standard deviation 
of 4.06 which we calculated above, giving us: 


80-75 

4.06 



Looking this value of z up in a table of normal curves found in any stan¬ 
dard statistics book, we find that the probability of delivering the project 
in 75 weeks is 10.9 percent. This indicates that it is highly improbable 
that we will complete the project five weeks ahead of schedule. 

Perhaps we wish to know the probability of having the project Com¬ 
pleted in 79 weeks (one week ahead of the expected delivery time). Using 
the same procedure as above, we get: 


80 - 79 


1 

4.06 


= .246 = z 
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king this U P* " e bn(I that l * lc P robabilil Y is percent that we will 
Lo ° 'lete it in 79 w * cks This falls betwecn our rule-of-thumb range of 
C0IT babilii> es of 25 percent to 60 percent, so we could say that our program 

^scheduled satisfaciorily. 


ADVANTAGES OF PERT 
AND PERT/COST 


. PERT- PERT /cost enables management to achieve a number of 
desirable objectives that would not probably be achieved otherwise. For 
one thing, it develops in advance a plan of action required to produce a 
° oiect. This requires all levels o! management to think through the 
project carefully and put their thoughts down on paper for subsequent 
evaluation. It forces thorough planning from a planning as well as cost 


standpoint. 

Second, PERT-PERT/cost enables management to predict with some 
degree of certainty the probable time and dollars it will take to achieve 
a desired objective by using the PERT plan. Management will know the 
probable completion time and cost for every event in the network, thus 
giving it a picture of future happenings. When this picture indicates that 
the probable future performance is not good enough, PERT allows man¬ 
agement to predict, evaluate, and revise plans before it is committed to 
any one given plan of action. 

Third, PERT-PERT/cost provides a ready-made standard against 
Which performance can be measured as the plan is placed into action. 
Mileposts of desired accomplishment from a time as well as cost standpoint 
are established against which actual results can be compared. 

Fourth, when a considerable degree of uncertainty exists in a project, 
the three time estimates taking into account the realities of the working 
world provide management with a degree of accuracy and honesty, 
thereby putting it in a better position to make sounder decisions. In fact, 
if needed, management can compute variance and standard deviation 
using the formula previously discussed and use these measures to make 
a final decision based upon the statistical probability of meeting certain 
target dates for any activity, combination of activities, or the project as a 


whole. 


Fifth, PERT enables management to better manage the resources 
available on the project. By knowing the critical path, management knows 
which events must be kept under constant surveillance, and can concen¬ 
trate its attention on these critical events, managing by use of the excep¬ 
tion principle on the others. 

Sixth, with continuous reporting of progress. PERT-PERT/cost af¬ 
fords management a great deal in the way of control. Of no small advan- 
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tage along this line is the tremendous amount of data that can be assem¬ 
bled and presented in an easily understood and highly systematic fashion 
Doing this tends to focus management's attention on the problems ahead 
indicating interrelationships and coordination required, thereby provid¬ 
ing a sound means of control. 

Finally, as the plan progresses, the PERT network with its expected 
series of events enables management to determine when delays begin to 
develop, precisely where they are. and what can be done to correct them. 
On many projects with vague control, no one is really aware of a delay 
until the final product (or event) does not occur on schedule; or if man¬ 
agement were alert enough to sense some trouble prior to the end, it i$ 
probable that nothing would point to the area of trouble and manage¬ 
ment would simply be aware that the "project was in trouble" with no 
precise information as to where to start making changes. 


NEGATIVE ASPECTS 
OF PERT 


PER I is not all "plus" in value, however. There are some negative aspects 
that we should be aware of. It is, of course, expensive because it demands 
highly trained personnel to develop it and to operate it. Furthermore, it is 
based on three human estimates of time and it is no better than the relia¬ 
bility of these estimates. An incorrect estimate may mean an incorrect 
critical path with resources and attention placed where they are not war¬ 
ranted. Another problem with PERT is that it disregards traditional 
organization structure. The project is regarded as an integrated whole, 
requiring a great deal of cooperation among the various segments of the 
organization. Workers, for example, may have to be shifted between de¬ 
partments or to other jobs. Also, with PERT, managers lose some of their 
authority to the PERT experts. 

Human nature being what it is, there is a tendency for managers to 
pad their estimates. This is not a willful misrepresentation, but results 
because no manager wants his department to encounter costs and time 
extensions which would reflect negatively op his operation. As a result, 
there may be "built-in" compensations of time and dollars to cover unex¬ 
pected events. Finally, in the area of PERT/cost there arise the problems 
of cost uncertainties, cost allocations, cost changes, and so on. 

These negative aspects, of course, are not unique to PERT. Inasmuch 
as PERT has evolved from the adaptation of old and familiar procedures, 
the adaptation has brought with it many of the old problems. 

Despite these limitations and problems, however, PERT has added a 
new dimension to the field of management. It has provided for a unified 


Haw a Computer Decides the Cheapest Schedule for a Project 


Normal 
<Uy* I «• 


I 


Crash Coat o! crashing 

days dollanperda. 

2 >210 >70 

5 275 60 

1 240 _ 80 

3 180 SO 

1 250 80 

4 285 40 

3 290 80 

2 160 50 



*•»•» industrial jiejuU. such ai the building of a ship or a 
factor? or tbe development of a missile. involve ao many activities 
tkat ao human mind car keep clove track of all that ii going on. 
mack lea$ schedule every detail in the most efficient way. New 
mathematical techniques however, are giving project maflayers a 
clearer view of their work and a better opportunity to use their 
judgment effectively The essential steps in one of these new tech 
■uqocs. Critical Path Method, are demonstrated on this page by tha 
analyses of a tiny hypothetical project The manager begins tbe 
scheduling by listing nil the jobs that must be done <se« chart at 
left) together with esUmatea of normal time and coat for each. Nest 
he estimates how much it would cost to rush each job to completion 
by a crash program All this information is fed into a computer. As 
the UUls stow, the manage, could get aach job dono as fast a* 
poaaiMa by spending an eitra ISkO. P it ba may be able to shorten 
the time of completing the whole project without "crashing" evsry 
jab Thu ta what the computer will iaeaatigaU. 


Schedule II 



The menage’ diagrams tha order in which the jebe must bo 
e.ne This show, fer eumple. thnt C enn he dona in paralM 
with A b-st thil D cannot h- 'tailed until A u An.vhed The 
computer calculates the -crttieel path" (red* from this ufoe- 
—.(■on The jobs on tbis path determine the time (eleven days) 
.-dad to complete the -hole project; the rest can bo ddayod 
mm.-hst (broken linos) without affecting tbe aver all schedule 


Nest (be computer calculates ways to shorten the ow-all 
schedule by crashing some af lh# Job* There may ba several 
ways, but tbe computer seleeU tbe rheapeet Tha diagram above 
shew, that if D is accelerated to three days instead of four, tha 
ever-all schedule can be reduced to ten days Two more Juba. 
B and F. become part af a entice! path, but there it still soma 
leeway In C. E. and H. Tha coat af crashing D Is an eitra |&0 


Schedule III 


Schedule IV 



Again rescheduling the project so thnt it «n be finished in nine 
dsys, the computer finds thst it is belt to crash both A and C by 
one day. Surprisingly, the eitra effort put on these jobs makes 
it possible to relai a bit on D and allot the normal four days 
far its completion. Crashing A and C -ill cost a total af IIJO. 
but the rclaiatien af D save. »S0. so the acceleration of tha 
whole project from ten to nine days costs only |I00 snore. 


If tbe menage, wants to lop anotbor day from the schedule, ha 
can do so moat economically by crashing three joba: B. D. and 
F. Although the chart shows that F could be shortened by aa 
much as three days, the eitra hurry would have no effect on 
the ewr-all schedule, so F is shortened by only ono day. Tbe 
managvr has now spent MOO on the crash program, compared 
with the SMO he might have apent to crash all tbe Joba. 


Schedule 
Duration 
Direct cost 
Indirect cost 
Total cost 


I 

II 

III 

IV 

11 

10 

9 

8 

>1300 

>1350 | 

>1450 

>1600 

>1210 

>1100 | 

>990 

>880 

>2510 

>2450 

>2440 

>2480 


To decide which schedule it actually beat from all viewpoints, the 
manager caa instruct the computer to toke other factors into 
account There mny be n penalty for foiling to complete the project 
on schedule. Sometimes in actual practice cont'aciors have found 
that they can make more profit by proceeding slowly and paying a 
penalty rather than paying heavy overtime The chart on the left 
shows how the computer might include in it* calculations indirect 
cost*—e g . overhead or penalties. In this eiample the indirect costa 
amount to a flat SI 10 per day. and the chart tells the manager that 
the cheapest schedule is the one that takes nine days 


Figure 29.7. How ihc computer is used to determine the cheapest schedule. (Courtesy 
Fortune magazine.) 
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approach to a complex project from the planning stages to the final 
accomplishment—and has moved management a step closer to its goal 
of full systems control. 


CONCLUSIONS 

PERT and its related control procedures offer management a different 
and distinctly improved approach to planning and controlling a complex 
project. It is not, however, a wholly new technique but instead is a com¬ 
bination which includes some previous methodologies. The mathema¬ 
tician, for example, will recognize in PERT a bit of similarity to tree 
diagramming and a good deal of familiar mathematics, while the statis¬ 
tician will see probability theory in it. 

PERT is highly similar to CPM (Critical Path Method) which was de- 
veloped by the Remington Rand Division of Sperry Rand Corporation. 
CPM is essentially an arrow diagramming technique employing the con¬ 
cept of the critical path and integrating all the usual factors of production: 
land, labor, and capital. CPM lacks one asset which PERT enjoys, how¬ 
ever: probabilities for estimates of how long a project will take. 

Also of value to management is the ease with which PERT can be 
adapted for computer use. Where events in a project exceed 25,000 or 
30,000 as they do in many defense projects, it is impossible for one man 
either to keep them in mind or to attempt an overall analysis of them. No 
network, however, is too large or too complex for a computer, and it can 
keep management apprised of how long the project will take to complete, 
how much it will cost, which schedule would be the least expensive, and 
so on. When production falls behind the PERT schedule, the computer 
can also indicate the most appropriate changes to make in order to get 
it back on schedule with minimum cost and delay. For these reasons, com¬ 
puters are employed quite extensively with PERT and make possible 
PERT applications that were only dreams a few years ago. 

Finally, PERT and Line of Balance also provide a degree of compari¬ 
son. Line of Balance is a control technique which operates on the excep¬ 
tion principle, concentrating on any deviations from a planned program 
and bringing these deviations to management's attention. Like PERT, it 
relates the actual status of various components of a project to planned 
progress thereby identifying‘elements that are lagging before they get 
into serious manufacturing trouble. 

PERT is not a panacea and does not have universal application. It 
does, however, provide management with a highly valuable tool for plan¬ 
ning and controlling projects. 
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STUDY QUESTIONS 

1 Briefly recount the history of the development of PERT. Where is it used? 

2 Define PERT. Network. Event. Activity. 

3 What is slack time? Why is it of importance to management? 

4 Explain how you could develop a network of some part of your day. 

5 What is T, and how and why is it used in PERT? 

6 What are the three basic rules of network theory? 

7 Why is a closed loop not allowed in a network? 

8 . Illustrate PERT with a square diagram. 

9 How does PERT with cost differ from ordinary PERT? How can it be used? 
joi What is the value of PERT probability? How is it determined? 

II List the advantages and limitations in the use of PERT-PERT/cost. 
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Two of the basic functions of a manager are planning and 
controlling. Through his planning, he formulates courses of 
action for the system which he operates. He determines 
when things should be done and how they should be done. 
In fact, without managerial planning and controlling, the 
activities of the various systems of a firm could well develop 
into a series of random actions with meaningless objectives. 

Different people, of course, plan in different ways. Some 
of us, for example, make mental plans to attend the theater. 
Some managers, likewise, make mental plans about how to 
accomplish specific objectives in their business. Other man¬ 
agers, to keep from forgetting some of the points in their 
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plans, write out their plans either informally on a scratch pad, or for¬ 
mally, as a typewritten document. In either instance, the plans indicate 
a course of action to help achieve some target. And they provide a readily 
available and easily understood technique for control. 


BUDGETS 

A budget, like PERT, is a recorded (written) plan of action. It shows how 
a future operating period is expected to develop. A budget, however, is 
usually expressed in quantitative terms. An entertainment budget for a 
young man on a date, for example, might read: 


Taxi fare . $350 

Theater tickets . 8.00 

After theater snack . 2.60 

Total $14.10 


This budget sets forth the way in which he plans to spend his $14.10. 

Businesses also develop budgets. A business budget, for example, may 
show what the company expects and plans sales to be during the next 
quarter, the next year, or perhaps a longer period such as three or five 
years. Business budgets also cover such items as advertising expenditures, 
labor hours, and cash requirements. Figure 30.1 illustrates a sales budget. 

Some firms use only one budget, a sales budget, to forecast sales and 
establish sales quotas for its salesmen. Other concerns employ manufactur¬ 
ing budgets, purchasing budgets, direct labor budgets, financial budgets, 
expense budgets, and so on. But whatever type of budgeting procedure 
is employed, a budget is one of the most important overall control devices 
used by management today. 


REASONS FOR BUDGETING 

Many advantages accrue to a firm employing budgets. One of the major 
advantages of budgeting is that it forces management to make specific 
plans for future operating periods and then translate these plans into the 
cold figures necessary to accomplish the objective. In sales, for example, 
a budget may force the sales manager to make a sales forecast, and then 
break down his sales target into quotas by territory, product, and sales¬ 
man, in order to reach the budget or target established by the forecast. 

A second major advantage of a budget is that it serves as a yardstick or 
a control device to measure an individual's performance. When we com- 
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MAXTON CORPORATION 
SALES BUDGET 
for 19 


*420 STAPLER 

TOTAL 

EASTERN DISTRICT 

WESTERN DISTRICT"! 

Unite 

Amount 

Unite 

Amount 

'Unite 

Amount 

January 

1,600 

$ 3.200 

1.000 

S 2.000 

600 

S 1.200 

February 

2.400 

4.800 

1.200 

2.400 

1.200 

2.400 

March 

2.000 

4.000 

500 

1.000 

1.500 

3.000 

Total lat Quarter 



2.700 

$ 5.400 

3.300 

3 6.600 

2nd Quarter 

7.000 

14.000 

3.500 

7.000 

3.500 

7.000 

3rd Quarter 

10.000 

20.000 

4.000 

8.000 

6.000 

12. 000 

4th Quarter 

9. $00 

19.000 

4.500 

9.000 

5.000 

10.000 

TOTAL SALES, *420 STAPLER 

32.500 

$ 65.000 

14.700 

S 29.400 

17.800 

cexzzmi 

*620 STAPLER 

MM 



■JM 



January 


S 8.000 

1.000 


1.000 

$ 4.000 

February 


20.000 


8.000 

3.000 

12.000 

March 

■.v'J 

24.000 

mjM 

12.000 

3.000 

12.000 

Total lat garter 


S 52.000 

6.-W0 

S 24.000 

7.000 

$ 26.000 

2nd Quarter 


60.000 

7.000 

26.000 

8.000 

32.000 

3rd Quarter 

LjCj 

66.000 

10.000 

40.000 

7.000 

28.000 

4th Quarter 

20.000 

80.000 

10.000 

40.000 

10.000 

40.000 

TOTAL SALES. *620 STAPLER 

65.000 

$260.000 

33.000 

$132,000 

32.000 


TOTAL ANNUAL SALES FOR 






ppi 

BOTH STAPLERS 

97.500 


47.700 

$161,400 

49.800 



Figure 30.1. Sales budget. 


pare an employee’s budgeted performance to his actual performance, we 
can see by how much the employee exceeds or falls short of his planned 
goal. In sales, for example, we can use a budget to see how well a sales¬ 
man does by comparing his actual sales with his quota set forth in the 

These, then, are the two major advantages of budgeting. (1) It forces 
management to make coordinated plans and set them forth in a budget. 
(2) It helps control employees' performances by pointing up efficiencies 
and inefficiencies. 

Budgeting also has other advantages. For one thing, in order for a 
budget to be effective, good organization practices must be in effect. It 
requires, for example, a well-conceived system of organization with clearly 
delegated authority over specific activities and functions. Budgeting also 
makes for better understanding, coordination, and harmony of action in a 
firm, because all systems and subsystems usually participate in the x budget 
preparation. In addition, budgeting compels management to plan for the 
most economical utilization of the factors of production so as to meet or 
excel budget expectations. Finally, a budget can serve to inform man¬ 
agement of its progress toward achieving specific objectives. 

These advantages, however, cannot be realized unless three important 
steps are taken in preparing and using budgets. 















































PREREQUISITES FOR 
BUDGETING 


A budget, as a plan for future action, is based on estimates: estimated 
ales estimated costs, estimated business conditions, and so on. Obviously, 
S \\e strength of the budget is reflected in the attention given to the careful 
1 reparation of these estimates. The first important step in budget prep¬ 
aration, therefore, is that we give a great deal of care to the preparation 
of estimates used in the budgets. 

Businesses are dynamic—they are constantly changing. Employees 
change, products change, tastes change, and economic conditions change. 
These changes must be taken into account in the preparation and enact¬ 
ment of a budget if it is to be effective. The second prerequisite, therefore, 
is that we continually revamp the budgetary procedures in order to meet 
these changing conditions. 

And last, we must realize that a budget, once completed, is of little 
value unless management puts it into effect. A budget cannot act on its 
own; instead, it requires the exerted efforts of all levels of management 
for its effective application. Top management, middle management, and 
first-line supervisors must give their active support to developing and ex¬ 
celling budgeted operations and goals. 


TYPES OF BUDGETS 

Budgets can be classified as either variable or fixed budgets. 

A fixed budget, sometimes called a static budget, consists of one plan 
only and makes no provisions for any changes that may occur during the 
budget period. It is based on the assumption 'that the forecast of a busi¬ 
ness activity will prove correct. For example, a fixed labor budget would 
show the estimated labor requirements during a certain time interval 
with no allowance for changes in labor requirements due to shifts in 
consumer preferences, decreases in sales, or changes in economic condi¬ 
tions. Each of these, of course, could materially affect the level of our out¬ 
put and thereby labor demands. Obviously, if sales decreased sharply 
after a fixed labor budget had been put into effect, the budget would be 
of little value as a planning and control device. 

Fixed budgets, therefore, are useful mainly in planning the expendi¬ 
tures of a particular program, such as a research project, which is not usu¬ 
ally Effected by market variables. Fixed budgets are also used where the 
forecast of the firm's future activities is highly reliable. Hospitals, schools, 
and so on commonly employ the fixed budget. Where changes in output 
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are subject to fluctuations, however, the variable budget should be 
used. 

The variable budget consists of what we estimate costs will be for vary- 
ing levels of output. It is based on the assumption that a forecast of busi¬ 
ness activity will not be correct and that adjustments will have to be 
made in the budget as the actual level of activity is known. It is, in effect, 
a series of budgets. In a variable labor budget, for example, labor costs 
would be set forth for varying levels of output. Because of this feature, a 
variable budget automatically adjusts to different levels of activity, and a 
new budget does not have to be developed for each new level of output. 
Figure 30.2 illustrates a variable budget for direct labor. 


MAXTON CORPORATION 
VARIABLE LABOR BUDGET - ASSEMBLY DEPARTMENT 
for It 



UNITS OF OUTPUT 1 


10.000 

20.000 

30.000 

Machinists 

$16,000 

$27,000 

$37,000 

Welder* 

$.000 

13,000 

20.000 

Finishers 

$.500 

$.500 

13.000 

Riveters 

4.000 

$.000 

12,000 

Painters 

1.500 

3.000 

4.500 


$35,000 

$59.500 

$$«.500 


Figure 30.2. Simplified variable labor budget. 


In developing a variable budget, we include only those costs which vary 
with output and over which the department or divisipn has control. These 
controllable costs are known as variable costs because they vary with 
changes in the level of output. They include such items as direct labor 
and materials. Fixed costs, on the other hand, are those costs that do 
not vary with changes in the level of output over the short run. Super¬ 
visory salaries, advertising expenditures, and taxes are usually classified as 
fixed costs because they do not change with shifts in the level of out¬ 
put. 

The major advantage of a variable budget is that the element of con¬ 
trol is maintained and the budget is still effective even though a decrease 
(or increase) in business activity occurs. Thus, the element of flexibility 
in variable budgets makes them valid control devices even at different 
levels of operation. 

Variable budgets are used mainly by those firms whose activities and 
levels of operation are uncertain, either because of the nature of the indus¬ 
try or because of economic conditions. Thus, when a shift downsfcird is 
experienced in sales and a flexible budget is in effect, a chief executive 
may notify his managed that the next lower level budget will go into 
effect. 














BUDGET APPLICATIONS 


Before we can begin to formulate budgets about the operation of most 
arts of an enterprise, we need to know what sales will be during the 
budget period. We need this information for several reasons. In order 
to set up a direct labor budget by hours, for example, we will need to 
know how much and what type of product must be produced during the 
budget period. To determine the types and quantities of products that 
must be produced, we obviously need to know the estimated sales set 
forth on the sales budget. Once we know the quantities and types of prod¬ 
ucts that must be produced during the budget period, we are in a position 
to calculate or budget the number of man-hours and dollars that will be 
required, say, per quarter in order to meet the sales budget figures. 

By similar reasoning we need to know estimated sales before we can 
prepare budgets covering purchases, cash, production, and the like. Be¬ 
cause of its essential nature, therefore, the sales budget must be prepared 

first. 


Sales Budget. A sales budget is an estimate of the quantity of prod¬ 
ucts that will be sold and the dollar revenue that will be received during 
some future period. Such a budget may cover any length of time, but many 
progressive firms prepare sales estimates for one, three, and five years 
hence. Of course, for many products estimates beyond one year are tenta¬ 
tive, but these long-term sales budgets do afford management some idea 
as to future expectations and thereby aid in the overall planning activities 
and establishment of company objectives. 

A comprehensive sales budget should show estimated sales by month 
or quarter, by product, by location or sales territory, by quantity of prod¬ 
ucts, and by dollar volume. Figure 30.1 illustrates a comprehensive sales 
budget. Simpler budgets show only dollar volume by product with no 
breakdown by territory, product, and quantity. 

Responsibility for preparation of the sales budget usually resides in 
the top sales executive. Other members of top management and certain 
staff executives, however, often help in its preparation. Because of its 
critical nature, it is not unusual for the president, the chief sales executive, 
and the budget director to work closely in its preparation. 

One system that is successfully used to develop an overall sales forecast 
is for the individual salesmen in the field to prepare estimates of what 
they think they can sell in their territory for the next year. These indi¬ 
vidual forecasts are then collected by the regional sales supervisors who 
review their salesmen’s estimates. These estimates from the regional sales 
supervisors are then combined in the home office to indicate total esti- 



THE CONTROL SYSTEM 


624 

mated sales for next year. These figures, of course, may be reviewed and 
revised either by the sales executive, the president, or other members of 
the budget committee in light of their past experience, market demands, 
economic conditions, and the like. Once they are agreed upon, however, 
they become the budgeted sales quotas for the coming period, usually one 
year. 

Other systems for forecasting sales place no reliance on the individual 
salesman's ability to prognosticate. Instead, the forecast is made up by 
men such as regional supervisors or by the home office personnel. In some 
firms, particularly small ones, sales forecasts are made by the top executives 
on the basis of sound business judgment, past experience, and executive 
opinions. 

Manufacturing Budget. Once the sales budget has been developed, 
a copy of it should be given to the head of the manufacturing division. 
Upon receipt of the sales budget, the chief manufacturing executive is 
then in a position to develop a manufacturing budget showing the quan¬ 
tity of products that will be manufactured by department, date, and type 
(see Figure 30.3). 


MAXTON CORPORATION 
MANUFACTURING BUDGET 
for 19 




UNITS OF 

OUTPUT 



Jan 

Feb. 

Mar. 

2 nd 

Quarter 

3rd 

garter 

4th 

Quarter 

DEPARTMENT #1 
•420 Stapler 

2,000 

2.000 

2.000 

8.000 

9,000 

9.500 

DEPARTMENT »2 
•620 Stapler 

4.000 

4.S00 

4.S00 

17.000 

17.000 

18.000 


Figure 30.3. Simplified manufacturing budget. 


In developing the manufacturing budget, the executive in charge 
should attempt to plan production at a relatively even rate, even though 
the sales budget indicates a highly seasonal sales forecast. For example, if 
we estimate that (1) one hundred units of a product will be sold each 
month except June, during which 700 units will be sold, and (2) it re¬ 
quires eight weeks to produce the product, then the manufacturing budget 
could show one hundred units scheduled for production each month ex¬ 
cept April, with 700 units scheduled in April for June delivery. This, 
however, would be very erratic production and would probably tax labor 
and facilities. Producing at a more nearly even rate of output is usually 
more economical. The budget, therefore, would probably show a more 
uniform rate of production ol, say. 200 units per month for several months. 
This choice, however, is not made arbitrarily. Several other considerations 
must be recognized in addition to the monthly sales quotas. The com- 
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Y policy toward inventories, for example, must be taken into account 
P* establishing the budget. In addition, such factors as the perishability 
of the product, storage facilities, adequacy of capital, cost of carrying the 
inventory, adequacy of manufacturing facilities, possible stability of pro¬ 
duction, economic manufacturing lot sizes, availability of raw material, 
and availability of labor must be considered. Because these factors, of 
necessity, must be recognized in developing the manufacturing budget, it 
serves as a planning and coordinating device for the economical manu¬ 
facture of products. 

Materials and Purchases Budget. The materials budget, as illus¬ 
trated in Figure 30.4, details the quantities of each major type of raw ma- 


MAXTON CORPORATION 
MATERIALS BUDGET 

for 19 


MATERIAL A 
#420 Stapler 
#620 Stapler 

TOTAL 

MATERIAL B 
#420 Stapler 
#620 Stapler 

TOTAL 

asMtiSi 

iSjSm 

D 




3rd 

Quarter 

4th 

garter 

32.S00 
65.000 

2.000 

4.000 

2.000 

4.500 

2.000 

4.500 

8.000 

17.000 

9.000 

17.000 


97.500 

6.000 

6.500 

6.500 



27.500 

65.000 
195.000 

m 

4.000 

13.500 

il 
* *1 

* e 

_^ 

16.000 

51.000 

18.000 

51.000 

19.000 

54.000 

260.000 

16.000 | 

17.500 

| 17.500 | 

67.000 

69.000 

73.000 


Figure 30.4. Simplified materials budget showing only two materials and two applica¬ 
tions. 


terial needed by time periods to manufacture the products set forth on 
the manufacturing budget. 

The chief purchasing officer, using the information available on the 
materials budget, then prepares a purchase budget. The purchase budget, 
illustrated in Figure 30.5, shows the quantity of raw material which should 

MAXTON CORPORATION 
PURCHASES BUDGET 
for 19 



MATERIAL A 

MATERIAL B 


Required for 

Estimated 

Required for 

Estimated 


Production 

Cost 

Production 

Coat 

January 

6,000 

$ 1,800 

16.000 

$ 360 

February 

6,500 

200 

17,500 

500 

March 

6,500 

6,000 

17,500 

950 

2nd Quarter 

25.000 

2,500 

67.000 

2,000 

3rd garter 

26.000 

300 

69,000 

20.000 

4th Quarter 

27,500 

1.200 . 

73,000 

1,000 

Total 

97,500 

$12,000 

260,000 

$24,810 


Figure 30.5. Simple purchase budget. 
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be available at specific times and the estimated cost of the material The 
purchase budget thus sets forth a plan that enables the purchasing officer 
to buy the needed materials sufficiently in advance so that delivery will 
correspond with the purchase budget requirements. In addition, it en¬ 
ables him to formulate purchasing plans in accordance with established 
inventory procedure and availability of raw materials on hand. 

Direct Labor Budcet. The direct labor budget contains an estimate 
of all direct labor needed to produce the products shown on the manufac¬ 
turing budget. It may be broken down by departments or divisions and 
shows direct labor costs, hours, or both. 

The direct labor budget's principal value lies in the fact that to make 
the budget management has to plan ahead for the direct labor require¬ 
ments that will be needed to meet budgeted production. With this budget 
t le personnel department can develop its personnel requirements and 
make plans accordingly to set up the necessary recruiting activities. Be¬ 
cause the costs as well as hours of direct labor are often set forth on the 
labor budget, it provides management with a check of the direct labor 
costs and utilization. 

The direct labor budget also aids in the establishment of a cash budget, 
in that it enables the finance officer to estimate more nearly accurately 
the cash requirements for labor payments. 

Cash Budgets. One advantage of a comprehensive budget program, 
including such budgets as those previously discussed, is that it enables 
management to develop a more nearly accurate cash budget. Cash, like 
raw materials and labor, must be controlled in a firm. Also like raw ma¬ 
terial and labor, provisions must be made in advance to procure the neces¬ 
sary cash to meet the company's needs. A cash budget, therefore, simply 
consists of a forecast of how much cash will be needed during specific 
future periods of time (see Figure 30.6). To arrive at this dollar figure, 
probable cash receipts as well as probable disbursements are estimated. 
By thus considering estimated receipts and disbursements, the controller 
or other finance officer can construct a cash budget. Through the use of 
this type budget, management can make plans to procure the future 
needed cash through the sale of assets, short-term financing, or sale of 
bonds and stocks. 

The major advantage of the cash budget is that it brings to light prob¬ 
able cash excesses or shortages, thus allowing provisions to be made for 
the coordination of the cash in relation to working capital, sales, invest¬ 
ments, and debts. 

Expense Budgets. In addition to the previous types of budgets, some 
companies also construct expense budgets. These budgets usually include 
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MAXTON CORPORATION 
CASH BUDGET 
for 19 



Jan. 

Feb. 

Mar. 

2nd Qtr. 

3rd Qtr. 

4th Qtr. 

Cub Balance (bogInning) 
Receipt* from Sale* and 

*20.000 

*10.000 

$ 6.000 

* 3.000 

*30.000 

* 58.000 

Receivable* 

15.000 

30.000 

26.000 

68.000 

88.000 

110.000 

Lea* Disbursement* 

2S.000 

34.000 

36.000 

41.000 

60.000 

88.000 

Shortage 

— 

— 

2.000 




Bank Loan* Required 

— 

— 

5.000 




Cash Balance (ending) 

10.000 

6.000 

3.000 

30.000 

58.000 

80.000 | 


Figure S0.6. Simple cash budget. 


those expenses concerned with a specific activity or department which 
cannot be directly allocated to the product. The manufacturing expense 
budget, for example, consists of indirect labor, indirect material, and 
miscellaneous factory expenses such as depreciation, insurance, taxes, and 
so on. The distribution expense budget , likewise, consists of all costs 
related to selling, distribution, and delivery of the product to the con¬ 
sumer. 


ANALYZING BUDGET 
VARIATIONS 

A budget is a plan of action expressed in quantitative terms. One of its 
main values to management lies in the control it affords through making 
comparisons possible between planned versus actual costs (or sales or out¬ 
put). It thus points out efficiencies as well as inefficiencies in operations. 
In many instances the inefficient variations can be explained; in others, 
no apparent cause exists for the difference other than, say, poor manage¬ 
ment. In view of this, budget variations should be analyzed because the 
results will often prove useful in either explaining the variations or in 
helping to develop procedures to prevent similar unfavorable conditions 
from recurring. Thus, by analyzing budget variations, management can 
secure better control for more profitable operations. 

Budgets also provide management with an excellent tool to help evalu¬ 
ate the work performance of individuals. This is particularly true of man¬ 
agement personnel where no specific output can be assigned to their direct 
efforts. Thus, by using a budget, management can evaluate the effective¬ 
ness of, say, a first-line supervisor. For example, if other things are equal 
and if budgeted labor costs for a given level of output were greater than 
actual labor costs, then management could say that the supervisor had 
done an effective job. 
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nient to compare the planned with actual results. Such a comparison may 
indicate that actual sales in a particular territory are not equaling planned 
sales. This being true, management can seek to determine why the actual 
sales are falling short of the planned sales. The investigation may show, 
for example, that a competitor has waged an intensive advertising cam¬ 
paign, whereas our company has done little or no advertising in this 
territory. Recognizing this as the cause for the difference in sales, man¬ 
agement could next seek to take corrective action. 

Thus, budgeting not only crystallizes a plan, it also allows management 
to compare individual as well as group performances, determine causes 
for variations, and then take whatever corrective actions are necessary. 
Because of these factors, budgeting is one of the most useful control de¬ 
vices employed by modem management. 


STUDY QUESTIONS 

1 . What is a budget? What forms does it take? Why is it a control device? 

2 . What advantages arise from budgeting? Explain. 

3. Distinguish between a fixed and a variable budget. 

4 . Where would a variable budget be applied? A fixed budget? 

5 . Why is a sales budget the "key" budget of all budgets? 

6 . How is a manufacturing budget used? What value is it to management? 

7 . Distinguish between a cash budget and an expense budget. When would each 
be used? 

8 . How can a direct labor budget be of value to a firm? Explain. 

9 . Why is analyzing budget variations of primary importance? 

10 . Who should be responsible for preparing and administering the budget? 
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Materials handling (cont.) 
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Micromotion analysis. 424-30 
Miller. James N., 266 
Milling machine. 230-32 
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Monetary wage. 460-61 
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arrangement of work place. 406-10 
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N1RA. 352 
Noise. 212-16 
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dedbel. 213 
defined. 212-13 
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Norris-LaGuardia Act. 352 
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Obsolete material, 550 
Ohmann. O. A., 18 
Operations chart. 420-24 
Operations research, 66-67, 256-66 
Operations sheet. 577 
Order control. 577 
Organic functions. 32-33 
Organization. 87-123 
authority. 101-103 
change, need for, 115-16 
chart. 35-37 
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committee. 97-99 
communication, 105-106 
defined. 89-90 

delegation of authority. 101-102 * 
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Organization (corn.) 
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inefficiencies, 116-19 
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job assignment. 107 
leadership. 111-13 
line. 90-91 
line and staff. 93-94 
need for. 88-89 
nuances, 111-13 
objective, 100-101 

parity of responsibility and authority. 

102-103 

personal ability. 104-105 
pitfalls. 122-23 
principles. 100-108 
regulations. 106 
responsibility, 102-103 
results of good organization. 109 
span of management, 103-104 
specialization, 101 
structural balance. 107 
systems concept. 87-88 
types. 90-94 
unity of command, 104 
Organizing, 8-9 
Organizing the system. 87-109 
Overall control (see Budgeting) 


Packaging and materials handling. 209-10 
Patrolling inspectors, 443 
Peach, Paul, 541 
Percent defective, 539-40 
Performance rating and leveling. 444 
Perpetual inventory card (see Balance-of- 
stores form) 

Perry. John. 321. 324, 325, 327 
Personnel, corporate. 33 
Personnel management, 332-48 
duties, 337-47 
functions. 333 
introduction to job, 343 
job specifications, 339-40 
labor estimates, 337-38 - 
labor sources and recruiting, 340-41 
new horizons, 347 
organization, 324 
policies, 334-36 
promotions and transfers, 345 
records, 346--17 
selection and placement: 
application blank, 341 


Personnel management (corn.) 
selection and placement 
interviewing, 341-42 
physical examinations, 342-43 
references. 342 
tests. 342 

separation procedures. 345-46 
training and education. 344-45 
Personnel polities. 334-36 
PERT. 601-16 
activity, 605 
advantages. 613-14 
background. 602 
and computers. 616 
critical path. 607 
defined.604-5 
developing a network. 605-9 
disadvantages, 614-16 
event. 605 

expected time. 606-607 
network rules. 608-609 
network theory, 603-604 
and probability. 611-13 
similar techniques. 616 
slack time. 608 
square diagram. 609 
use. 604 

with cost. 610-11 
Physical examinations. 342-43 
Physical inventory, 567-68 
Physicians and nurses (see Medical de¬ 
partment) 

Piece work: 

with guaranteed base, 480-81 
straight, 480 

Pilot-piece inspection. 517 
Placement and safety, 374-75 
Placement of employee, 374-75 
Planer. 235-36 ' 

Planning, 7-8 

Planning and locating the factory build¬ 
ing. 165-68 

Planning and scheduling maintenance, 
277—78 

Plant climate, 216-17 
Plant inspection, 374 
riant layout. 189-202 
balance. 1% 
combinations. 194 
defined, 189-90 

developing a new layout. 199-201 
equipment location, 195 
flexibility, 199 
flow, 196-97 

fundamental considerations. 194-99 
maintenance of equipment. 195 
and materials handling, 242 
minimum movement, 196 
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plant layout (cont.) 
objectives. 191 

by product. 193-94 
aid product manufactured. 94 
and sequence of operations. 194-95 
tpadal requirements. 195 
three-dimensional modcls ^ 02 
two-dimensional layouts. 201-202 
waiting and service areas. 197-98 
when to change. 191-92 
plant location. 166-78 
'climate. 173 

community attitudes. 168 
^community facilities. 168 
community size. 172 
economic analysis, 175 
facility location planner. 175-78 
-future plans. 167 _ 4 

^ housing and executive choice. 173-74 

' industrial districts. 173 
labor. 167-68 
land. 173 

outside assistance. 178 
power-fuel. 171 
proximity to market. 169 
proximity to raw materials. 166-69 

security, 172-73 
taxes and legislation. 172 
transportation. 169—71 
water. 171-72 
Plant protection. 185 
Point rating method, in job 
• 466-67 
Power, and plant location. 171 
Precast concrete construction. 183 
Predetermined time standards, 450-54 
Present-worth method, replacement anal¬ 
ysis. 297-99 
President, 31 

Preventing accidents (see Accident pre¬ 
vention) 

Preventive inspection, 516-17 
Preventive maintenance (see Maintenance) 
Pricing the job, 467-68 
Principles of motion economy (see Mo¬ 
tion economy, rules of) 

Principles of organization, 100-108 
Project control (see PERT) 

Process analysis, S9J-99 
Process chart: 
analysis of, 397-99 
construction of, 397 
symbols. 396-97 
where used. 397 
why used, 394 
Process inspection, 517 
Process layout. 192-93 
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Producer's risk. 541 
Product design. 137-39 

Product design, and materials handling, 

242 

Product research and development. 127-45 
Product development principles, 147-60 
Production control. 35. 571-99 
bill of materials. 577 
computer use. 598-99 
in continuous manufacture, 587-88 
development of. 572-73 
dispatching. 584-85 

duties. 575 
effects of, 573-74 
estimating costs. 586-87 
follow-up. 585-86* 
in intermittent manufacture. 576-87 
linear programming use, 591-98 
loading and scheduling. 579-82 
manufacturing orders, 583-84 
master schedule. 581 
materials movement. 585 
operations sheet, 577 
organization. 574 
paper work. 588-91 
securing materials. 582-83 
tool analysis, 578 
universality of, 571-72 
value of. 599 
Production studies. 447 
Production system. 165-313 
Productivity, and lighting. 202-204 
Productivity as a basis for pay. 476-77 
product layout, 193-94 
Product planning. 140-42 
Product standardization, 149-54 
Product variation: 
assignable cause*. 530-31 
chance causes. 530 
Profession of management, 23-25 
ProgTam Evaluation and Review Tech¬ 
nique (see PERT) 

Promotion and transfers, 345 
Punch press. 237 
Purchase order, 503 
Purchase requisition. 500 
Purchasing. 54. 493-509 
centralized. 496 
contract, 506 
coordinated local. 496 
decentralized. 496 
forward buying. 505 
hedging, 506 

interrelationship with other activities. 
497-98 

measuring efficiency of, 508-509 
organization, 495-96 
policy. 507 
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Purchasing (com.) 
procedures, 500-505 
purchase order. 503 
purchase requisition. 500 
receiving report. 504 

and replacement policy (ree Replace- 
ment policy) 

request for quotation. 500 
responsibility of. 494-95 
speculative. 505 
types of. 505-507 
value analysis. 496-99 


•^Quality control (see Statistical Quality 
Control and Inspection) 

Quantity standards. 560-02 


Range, in statistical qualitv control. 536 
Range chart, construction '37-38 
Ranking method, in job evaluation. 464-65 
Ratio delay studies. 454-56 
Raw materials, and plant location. 168-69 
Real wages. 460-61 
Receiving report. 504. 552-53 
Records, in maintenance. 278 
Records, in personnel. 546-47 
Reed, W. Rowland, 20 
References. 342 

Regulations, in organization. 106 
Reinforced concrete building. 183 
Remedial inspection. 516-17 
Reorder point, 561 
Reorganization pitfalls. 122-23 
Replacement policy. 286-313 
book value of old machine. 295 
capital recovery. 292-93 
cost saving. 289-^90 
costs involved. 288-89 
depreciation, 291-95 
interest costs. 290-91 
leasing, 308-12 
machine deterioration, 287 
machine inadequacy. 287 
machine obsolescence. 287 
management s job. 312-13 
new MAPI approach. 299-302 
organization. 307-308 
post audit, 302-307 
present-worth method. 297-99 
and taxes, 296 
total-life average. 296-97 
when to replace, 287-88 
Representative sample. 529 
Request for quotation. 500 


Research: 
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cost of. 143-44 
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dynamic. 136-37 
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motivation. 135-36 

need. 129-30. 144 

planning. 133-34 

for product design. 137-39 

for product development. 137 

types. 130-31 

who docs. 131-32 

Research and development, 127-45 
Responsibilities of management: 
to customers, 21-22 
to employees. 19-21 
to public and government, 22-23 
to stockholders. 18-19 
Responsibility, in organization. 102-103 
Rhythm, in motion study. 406 
Rissik. H.. 528 
Roberts. Frank L.. 141 
Roman. Daniel D., 499 
Ross. Irwin. 550 
Rowan plan. 483-84 


Safety (see also Accident prevention): 
equipment. 375-76 

management's responsibility for, 369-70 
measuring. 379 
organization of. 370-72 
training and education. 375 
Safety and health. 366-81 
Safety director, duties of. 372 
Sales budget. 623-24 
Samples: 
reliability of. 529 
representative. 529-30 
Sampling. 529-30 
Sampling plans: 
double. 542 
multiple. 542-43 
single. 540-41 
Satisfactory wage. 473 
Schleusener. Ernest, 545 
Schwab. John L.. 453 
Secretary, 31-32 
Selected time. 443-44 
Separation procedures. 345-46 
Shadows in lighting. 206 
Shaper. 235-36 
Sheldon, Oliver. 90 
Shop orders, 583-84 
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Shriver, Richard H., 178 
Sirao charts. 430 
Simon. H. A., 47 
Simplification, 154-57 , 

advantages, 156-57 
considerations. 156-57 
defined, 154 
impact. 160 

simplified practice. 155-56 
and specialization. 160 
and standardization. 159 
Simplified practice. 155-156 
Simplifying work. 385-413 (see also Mo¬ 
tion study) 

Single story building. 180 
Slack time. 608 

Slow burning mill building. 182 
Small. Jack. 80 
Snapback liming. 442 
Space conditioning. 216-17 
Span of management. 103-104 
Specialization, 157-59 
applications. 157-58 
characteristics, 158-59 
defined, 157 

impact, 160 
in organization, 101 
Special purpose machine, 221-23 
Specifications and standards. 513-14 
Speculative purchasing. 505 
Spricgel. W. R.. 390 
Standard conditions. 440 
Standard data, 449-50 
Standardization, 149-54 
applying. 153-54 
defined, 149 
history, 148-49 
impact on consumer. 151 
impact on management, 151-52 
impact on worker, 152 
product, 152-53 

Standardization, simplification, and spe¬ 
cialization. 147-60 
Standard order, 562-65 
formula, 563-65 
limitations on use, 565 
tabular approach. 564 
Standard time. 446-47 
Statistical Quality Control. 526-45 
acceptance sampling. 540-44 
attributes and variables, 538-10 
average fraction defective. 538 . 
computer applications, 544 
construction of X and R charts. 537-38 
consumer’s risk, 541 
control charts. 534-36 
control limits, 532-34 


Statistical Quality Control (cont.) 
defined, 526 
effects of. 545 

normal distribution, 531-32 
process in control. 534 
process out of control. 534-36 
producer's risk. 541 
product variation. 530-31 
range. 536 * 

sampling. 529-30 
versus inspection. 528 
where applicable, 527 
Steel frame building. 182 
Stegemerten. G. J.. 444. 453 
Slop watch. 438 
Storekeeper. 550 
Storeroom. 550 

Stores ledger sheet (see Balance-of-stores 
form) 

Symmetrical motions. 338 
Systems concept. 87-88 
Systems management, 26-38 
operating firm. 28-29 
operating system, 29-35 
and subsystems. 28 


Taft-Hartley Act. 353-54 

Taxes, and equipment replacement policy. 
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Taxes, and plant location. 172 
Taylor, Frederick W.: 
early experiments. 387-90 
functional organization. 91-93 
and time study. 387-90 
Terborgh. George. 299 
Tests. 342 
Therbligs. 424-27 
Three-dimensional model, 102 
Tilt-up construction, 183-84 
Time as a basis for pay, 476 
Time study, 436-57 
allowances. 446 
continuous timing. 442 
cooperation of foreman. 438-39 
defined. 387 

developing a lime standard, 438-47 
early development. 388 
elements. 440-41 
equipment used. 437-38 
foreign elements, 442 
forms, 439. 441 

leveling or performance rating. 444 

management's use of. 457 

normal time. 445 

number of cycles to time. 442-13 

predetermined time standards. 450-54 



642 


INDEX 


Time study (corn.) 
production studies, 447 
selected time. 445-44 
selection of operator. 440 
setting piece rates, 447-48 
snapback timing. 442 
standard conditions, 440 
standard data. 449-50 
standard time. 446-47 # 

Taylor’s experiments. 587-90 
timing a job. 442-43 
and unions, 456-57 
uses. 436-37 
work sampling. 454-56 
Tool analysis. 578 

Total-life average, replacement analysis. 

290-97 

Training and education, employees, 344-^ 

Training and education for safety. 375 
Transportation: 
air, 170 

and plant location. 169-70 
rail, 170 
truck. 170 
water, 170 
Treasurer. 32 
• Trial run inspection. 517 
Two-dimensional layout, 201-202 


Ultrasonic inspection. 520-21 
Unions-Manageroent relations. 350-64 
AFL. 351-52 
AFL-CIO. 354-55 
arbitration, 361-62 
CIO. 352 

City Central Organization. 351 
coalition bargaining, 359 
collective bargaining. 356-59 
craft. 351 

future collective bargaining. 359-60 
grievances, 360-61 
growth and history, 351-55 
and incentive wages. 488-69 
Knights of Labor, 351 
Landruin-Griffin Act, 355 
management’s rights, 362-64 
merger of AFL and CIO. 354-55 
National Typographical Union. 351 
organization, 355-56 
Taft-Hartley Act. 353-54 
and time study, 456-57 


Unit load, principle of. 246-48 
Unity of command, in organization, 104 

Value analsyis. 498-99 
Variable budgets, 622 
Variable costs, 55-54 
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Wage administration, 459-73 
Wage incentive plans (see Incentive win 
plans) V 

Wage incentives: 
in maintenance work, 282-83 
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dards. 479 

objectives of. 477-78 
prerequisites for installation, 478 
Wage level. 460-61 

Wage plans (see also Incentive Wage 
Plans): . 

productivity as a basis for pay, 476-77 
time as a basis for pay, 476 
Wages: 

company wage level. 460-61 
individual employee pay, 469 
job descriptions and specifications, 463 - 
64 

job evaluation, 462-63. 464-67 
job worth, 462 
legal requirements. 461-62 
merit rating, 470-72 
other pay changes. 472 
pricing the job. 467-68 
real versus monetary, 460-61 
satisfactory wage, 473 
Wagner Act. 351 
Warren. Dean M., 203 
Westinghouse system for rating, 444 
Work environment, 202-17 
Work factor, 453 

Work measurement (see Time study) 

Work methods (see Motioo study) 

Work orders, for maintenance, 276 
Work sampling. 454-56 
Work simplification (see Motion study) 
Wu. Kuo-Cheng, 26 

X chart, construction, 537-38 


Young. Robert B., 145 



K UNIVERSITY LIB* 




